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Site Index of Scarlet and Black Oak in Relation 
to Southern Appalachian Soil and Topography 


‘THE STUDY DESCRIBED here is part of an 
over-all project of soil-site studies of the 
important commercial species in the South- 
ern Appalachians. In brief, the main proj- 
ect will be an attempt to correlate site 
indices of the various species growing to- 
gether on the same land, and then to 
establish the relationship of significant soil 
properties and topographic factors to the site 
index of several of the most important spe- 
cies. After this is done, the site indices of 
those species not directly studied in relation 
to the soil can be predicted indirectly through 
one or more of the several species which 
have been related to the soil. 

In this paper, the results of a study are 
presented which show a correlation of soil 
and topography with the site index of scarlet 
oak (Quercus coccinea Muenchh.) and 
black oak (Quercus velutina Lam.). 


Description of the Region 


Most of the soils in the Southern Appala- 
chians belong to the great soil group known 
as gray-brown podzolic soils. These typic- 
ally northern soils develop on the southern 
mountains where elevation affects the soil- 
forming processes through low tempera- 
tures and a rapid rate of normal erosion. 
In most of the larger mountain valleys red 
and yellow podzolic soils are found. These 
soils have been subjected to higher tempera- 
tures and have developed in place for long 
periods of time. Other minor areas of soil 


114 / Forest Science 


BY 
WARREN T. DOOLITTLE 


not fitting into either of the two g 
above are lithosols and shallow soils, which 
are found principally in the western part 
of the region on the plateau areas, but also 
locally in the mountains on steep slopes, 


roups 


shoulders of mountains, and places where 
the rock is especially resistant to weathering 
(e.g., quartzite ). 

Elevations range from about 1500 feet 
in some of the valleys to over 6500 feet in 
the Blue Ridge and Smoky Mountains. 
Because of this variation in elevation, there 
is a definite banding or zoning of tem- 
perature and rainfall according to elevation. 
Annual rainfall varies from about 80 inches 
on the higher mountains at the southern 
end of the region to less than 40 inches in 
some of the larger valleys between the 
Smoky Mountains and the Blue Ridge 
Mountains. Vegetation is in turn affected 
by temperature and rainfall; consequently 
there are many forest types and some 140) 
native tree species, of which 60 are com- 
The most important forest types found in 
going from lower to higher elevations are 
yellow pine, yellow pine-hardwoods, oak- 
hickory, white pine-hardwoods, cove hard- 
woods, northern hardwoods, and spruce- 
fir. 

Based upon a Ph.D. dissertation under Dr. 
Harold J. Lutz at Yale University. The author 
is a research forester at the Southeastern Forest 
Experiment Station, Forest Service, U. $. De- 
partment of Agriculture. 


Past Work 


Some of the most recent work with soils 
and site in other parts of the country has 
revealed the importance of studying certain 
soil properties and physiographic features. 

Carmean (1954), in a study of site and 
soils in the Douglas-fir region of Washing- 
ton, found that site index was directly cor- 
related with precipitation and depth to the 
C horizon, and inversely correlated with 
gravel content, soil compaction, and eleva- 
tion. Carmean concluded that site quality 
is controlled by the amount of available soil 
moisture supplied to the tree roots during 
the growing season. 

Coile (1948, 1952a and b) and Coile 
et al. (1953) studied the relation of soils 
to site index of the southern yellow pines 
for over twenty years. Coile concluded 
that soil-moisture, growing space for roots, 
and aeration for the roots are the most 
important factors affecting tree growth. He 
has been very successful in correlating depth 
of A horizon and imbibitional water values 
of the B horizon with site index of short- 
leaf and loblolly pine on well-drained soils. 

In southeastern Ohio, Gaiser (1951) 
was highly successful in correlating white 
oak site index with aspect, position on slope, 
and depth of topsoil. Gysel and Arend 
(1953) studied oak sites in southern Michi- 
gan and related mean annual growth to 
soil characteristics. They found that tex- 
ture of the subsoil, steepness of slope, and 
position on slope were the most important 
characteristics related to growth. 

Einspahr and McComb (1951) con- 
cluded that topographic position, aspect, 
depth of soil to bedrock, and percent of 
slope were the most important factors af- 
fecting growth of oak trees in northeastern 
Iowa. Arend and Julander (1948) studied 
the relation of soils to oak sites in the 
Arkansas Ozarks. Their results show site 
index varying with type of parent material, 
depth of soil to unconsolidated parent ma- 
terials, topographic position, and aspect. 

In South Carolina, Copeland and Mc- 
Alpine (1955) studied the relationship of 


littleleaf disease, site index, soil, and vege- 
tation. In brief, they found site index to 
be correlated with internal drainage of the 
subsoil and with the difference between the 
imbibitional water values of the A and B 
horizons. From the 13 variables tested for 
site index, Copeland and McAlpine found 
internal drainage and erosion highly cor- 
related with the incidence of littleleaf 

In Finland, Vireo (1947) studied the 
soil for the effect ot loose rock on forest 
yield. On glacial moraine soils, he found 
that rock volumes of less than 30 percent 
did not affect yield. For soils with a rock 
content of 30 to 60 percent the yield was 
decreased by 25 percent and a rock con- 
tent of over 60 percent caused a 5()-percent 
reduction in yield. 

Minckler (1941) made a study of plant- 
ing sites in the Appalachian Valley of 
Tennessee. He reported that depth of A 
horizon and consistency of the B horizon 
were the most important factors to consider 
in choosing planting sites. He also included 
aspect and slope as factors for certain 
species, although these factors are often 
reflected by soil properties. Auten (1945), 
in a study of yellow-poplar site quality in 
the north central states, is in close agree- 
ment with Coile as to which soil factors are 
generally related to site index on well- 
drained soils. Auten found that the depth 
of A horizon, depth of soil to a tight sub- 
soil, and topography were closely associated 
with site index of yellow-poplar. 

Humus types may also be of value in 
soil-site studies. Recently, Hoover and 
Lunt (1952) published a key for the classi- 
fication of forest humus types. They recog- 
nize eight classes of mull humus layers and 
seven classes of mors. Their system applies 
only to well-drained soils. An interesting 
feature of the system is the fact that depth 
of A, horizon (mineral soil) is included 
as an added refinement in describing mulls. 


Study Procedure 


Scarlet and black oak are among the most 
intolerant of the oak species. By using only 
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TABLE. 1. Distribution of plots by age and site index for scarlet and black cak 
\g 
las ndex class 
(vears) 35-44 +5—54 35-6 65-74 75-84 85-94 | 
Nun plot 
20-29 1 1 
30-39 ] } ] } 10 
$()—49 l 3 2 l 7 
50-59 ] 4 7 } ? 18 
60—69 3 11 12 5 ¢ 2 3g 
70—79 1 s ? é 2 1 18 
80-89 2 3 5 10 
90—99 3 1 3 - 
100—109 
110-119 ] I 
lotals 6 23 3() 27 14 10 110 


even-aged stands of these species in site 
index determinations, most of the troubles 
associated with suppression were avoided. 
In the Southern Appalachians scarlet and 
black oak occupy average to below average 
sites on well-drained upland soils up to 
4000 feet in elevation. 

‘Total ages and heights of + to 6 domi- 
nant and codominant scarlet or black oak 
trees were determined on each of 110 fifth- 
acre plots on the Bent Creek Experimental 
Forest near Asheville, North Carolina. Site 
indices were computed) from Schnur’s 
(1937) site curves (50-year age base) for 
mixed oak. The only precaution exercised 
in respect to age was in attempting to con- 
fine sampling to stands between 30 and 
100 years of age. ‘Table 1 shows that this 
was done on all except two plots. In Table 
2 is shown the number of parent materials 
and soil series covered in this study as well 
as the number of plots and average site 
index for each se ries. 

After the plots had been established and 
site indices determined for each plot, physio- 
graphic and soil measurements were taken. 
Aspect was measured in degrees azimuth, 
elevation was measured in feet, position on 
slope was expressed as a percent of the 
distance from bottom of the slope to top, 


and steepness of slope was measured in 
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degrees. Shape of contour was measured 
with a compass in degrees concave or con- 
vex, and shape of slope was measured with 
an Abney level in degrees concave or 
convex, 

At each plot a 5-foot soil tu vas used 
to sample depth of A horizon, depth of 
mottling, depth to B, horizon, thickness 
of B horizon, and depth to bedrock. All 
of these measurements were repeated five 
times on each plot, except thickness of B 
horizon and depth to bedrock, which were 
measured only twice per plot. Depending 
on the variation in the soil as shown by the 
tube samples, one or two holes were opened 
with a post-hole digger on each plot. 
Samples of the A horizon and B, horizon 
were collected from the holes for labora- 
tory tests. “The percent of loose rock (over 
3 inches), by volume, was estimated for 
both the A and B horizons, the 
layer was examined, thicknesses of the 


humus 


various layers determined, and humus type 
identified according to Hoover and Lunt’s 
(1952) classification. 

In the laboratory the soils were air dried, 
rolled to break down clods, and passed 
through a 2-mm. sieve. The volume of 
gravel (2 mm. to 3 inches) which did 
not pass through the sieve was determined, 
and a mechanical analysis was made _ for 


TABLE 2. Distribution of plots and site index of scarlet and black oak by par 


ent materials, topography, and soil series 


Parent 


material lopography 
Light-colored schist, gneiss, Vallev and int 
ind granite (acidic mountal 
ow mi on ) 
Higl 1O i 
Dark-colored is O Intermountal 
(gabbro, diorite, gn« id high 
c.) noun 
Light-colored schist, gneiss, Vallev and 
ind granite (very highh nount 
micaceous) 

Intermountain 
ind high 
nountain 

High mounta 

Colluvial position 1 re- Footslopes of higt 
spect to anv p it ma- mountain and 
terials mentioned above intermountal 
Total and a 


both the A and By, horizons using the 
Bouyoucos (1936) hydrometer method. 
‘Textural grades were determined according 
to the International Size Classification, ex- 
cept that only total sand was determined 
instead of both coarse sand and fine sand 
(sand 2.0 to .02 mm., silt 02 to 
002 mm., and clay <.002 mm.). 

Moisture equivalent and imbibitional 
water values of the B, horizon were ob- 
tained by the usual procedures, following 
Briggs and MeLane (1907), Fisher 
(1924 Pe and Coile (1948). 


Analysis and Results 


A regression analysis showed that there was 
no significant difference between the site 
indices for scarlet and black oak growing 
on the same plots. Therefore both species 
were combined in the analyses of the rela- 
tion of site index to soil and topographic 
features. 


Soil No. of \ 
Cries plots \ 
Haves ihe 38 61.7 
Halew od 25 6.7 
Balfou 9 74.4 
P ( 16 »? 
\sI } $4.0) 
Ral 3 4.3 
Watauga $9.0) 
Fannit 7 65.9 
lalladeg ) 35.5 
I A 5 79 9 
110 3.8 


Preliminary Analysis 


‘Twenty properties of the soil and topog- 
raphy were examined in a_ preliminary 
analysis. “These properties or variables are 
is follows: depth of A horizon, depth to B, 
horizon, thickness of B horizon, depth to 
bedrock, position on slope, steepness of 
slope, shape of slope, shape of contour, as- 
pect, elevation, moisture equivalent of B 
horizon, imbibitional water value of B 
horizon, percent of sand in A_ horizon, 
percent of sand in B horizon, percent of 
clay in A horizon, percent of clay in B 
horizon, volume of gravel in A_ horizon, 
volume of gravel in B horizon, volume of 
loose rock (angular cobbles and boulders) 
in A horizon, and volume of loose rock in 
B horizon. 

Several combinations of properties and 
crossproducts were also examined. Each 
of the 20 variables was separately plotted 
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PTH OF A HORIZON (INCHE 


igure 1. The relation of site index 
for scarlet and black oak to depth 
of A horizon. Each dot represents 
one plot, except where indicated 
otherwise by an adjacent number. 


over site index. From these graphs it was 
evident that one of the strongest variables 
was depth of A horizon (Fig. 1). It also 
appeared likely that position on slope might 
be important, although Figure 2 shows the 
scatter of plots to be greater than for depth 
of A horizon. Graphs of other variables 
showed much less relation to site index at 
this time (e.g., see Fig. 3). 


st) 


The next step was to develop a regression 
equation containing the strongest independ- 
ent variable, depth of A horizon: 

Y= b, + bX, 

Here, x is site index and X, is depth of A 
horizon. The regression of Y on X,, in 
this equation, proved to be highly significant. 
Residuals from the equation were plotted 
over all remaining variables. The next 
strongest variable, so indicated, was added 
to the equation, and residuals from the 
new equation were plotted over the remain- 
ing variables. 

After a series of tests and plottings, it 
was determined that at least three inde- 
pendent variables belonged in the regression 
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equation, ‘These variables were depth of 
A horizon (X,), position on slope (X,), 
and percent of sand in A horizon (X,). 
From the plotted residuals, it was also 
determined that five additional variables 
should be tested further for some possible 
value to the equation. Final analysis of the 
eight variables was made by the C-multi- 
plier method. 


Final Analysis 


Variables included in the computation of 
C-multipliers were depth of A_ horizon, 
position on slope, percent of sand in A 
horizon, elevation, ratio of silt plus clay to 
moisture equivalent of B horizon, percent 
of gravel and loose rock in A_ horizon, 
aspect, and the second power of aspect. 

It is of interest to note that the residual 
effects of aspect follow exactly the pattern 
of the popularly accepted version of the re- 
lation of site to aspect. The graph in Fig- 
ure 4 indicates that the equation Y = by + 
b,X, + b,X, will slightly overestimate site 
index on the poorer sites (south and west 
aspects) and slightly underestimate site in- 
dex on the better sites (north and east as- 
pects). However, the error in estimate 
would be very minor and becomes even less 
when percent of sand in A horizon (X,) 
is added to the equation. As shown later, 
aspect does have a larger total effect on 
site index than is shown by the graphs, but 
it is confounded primarily with depth of A 
horizon, and somewhat less with percent of 
sand in A horizon and position on slope. 

Significance tests of the eight regression 
coefficients showed that depth of A horizon 
(X,) and percent of sand in A horizon 
(X,) were highly significant (1-percent 
level), and position on slope (X,) was sig- 
nificant at the 5-percent level. None of the 
other variables was significant, and the final 
equation becomes the same as it was before 
the last tests were made: 

Y = by + b,X, + bX, + bX, 
By substituting numerical values of the b- 
coefficients the equation becomes: 
Y = 38.7690 + 8.8057X, — 
0.0477X., — 0.4620X, 


An examinaiton of the precision of this 
equation indicates that 95.74 percent of the 
total variation is accounted for by these 
three variables alone. The standard error 
of the mean site index value (63.76) is = 
2.65 feet for a probability of 2 out of 3 
estimates. 


Discussion 


The growth of a tree is an expression or 
function of a number of factors, many of 
which are environmental. The more im- 
portant factors of the environment are 
temperature, humidity, rainfall, parent ma- 
terial of the soil, soil profile development, 
topography, and depth to the water table. 
Environmental factors act and interact with 
SITE 


INDE X 
100 


90 


vegetation, through time, to become ex- 
pressed best by the soil profile itself. “This 
is observed in the areas where the soil is 
mature and has developed in place for a 
long period of time. 

In the Southern Appalachians there are 
a great number of examples of soils which 
are well developed and which reflect quite 
fully their environment. On the other 
hand, there are also a number of young 
soils on steep mountain slopes which have 
a rapid rate of normal soil erosion; these 
soils do not completely represent or reflect 
all environmental factors. 

Since some of the soils in this study are 
relatively young, it was necessary to ex- 
amine thoroughly not only the soil, but also 
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POSITION ON SLOPE (PERCENT) 


Figure 2. The relation of site index for scarlet and black oak to position on 
slope. Each dot represents one plot, except where indicated otherwise by an 
adjacent number. Position on slope is the percent of distance from bottom to 


top. 
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igure 3. The relation of site index 
for scarlet and black oak to percent 
of sand in A horizon. Each dot 
represents one plot, exce pl where 


? 


indicated otherwise by an adjacent 
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topography, in an attempt to correlate rec- 
ognizable soil and topographic properties 
with site index. The analysis has shown 
that depth of A horizon is the best singk 
gauge of site index. This property alon 
accounts for 90.97 percent of the variation 
in site index. It is also easily measured, and 
if the soil has not been abnormally 
stripped of its A horizon, there is no reason 
why this property should not be used in 
predicting site index. 

Depth ot A horizon appears to be a very 
sensitive function of many of the other fac- 
tors of the soil and environment—just as 
site index is a reflection or function of many 
of the same factors, including depth of A 
horizon. Although some of the other soil 
properties also tend to reflect environment, 
this was not indicated as strongly in the 
analysis as it was for depth of A horizon. 
However, two other properties of the soil 


and topography do add refinement and 
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precision to the prediction of site index, 
‘These properties are percent of sand in A 
horizon and position on slope. On two soils 
which have equal depth of A horizon, site 
index will be lower on the soil having the 
higher percent of sand. Position on slope 
adds less precision to the estimate than 
either of the two properties of the A hori- 
ZON, 

Figure 5 shows how all three variables 
combine to give an estimate of site index. 
The range of values for position on slope is 
) (bottom of slope) to 100 percent (top 
of ridge) and the corresponding range of 
its effect on site index is from 0 to 4.77 
feet. The range of values for sand in A 
horizon is from 50 to 80 percent with an 
over-all effect on site index of from to 
13.86 feet. Because of the minor contribu- 
tion of position on slope to the equation, it 
1S possible to show the values of site index 
in a simple 2-way table (Table 3) for mid- 
dle slope positions—with a plus 2-foot cor- 
rection for lower slopes and a minus 2-foot 
correction for upper slopes. 

In Table 4+ the distribution shows that 
northerly and easterly aspects are consist- 
ently better sites than southerly and west- 
erly aspects. ‘This is best illustrated near 
the bottom of the table where only two 





igure +. Residuals from the equa- 
tions Y = b, + b,X, + b.X, and 
Y = b, + bX, +b.X, + dX; 
as related to aspect. Crosses and 
circled dots indicate mean values of 
residuals (see legend) for a given 
class of aspect. 
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TABLE 3. 


| horizon for middle slope positions.’ 
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Figure 5. 


Block diagram for site 
index of scarlet and black oak as 
related lo depth of A horizon, post 


tion on slope, and sand in A horizon. 






black oak by percent of sand and depth of 


60) 5 
35 | $( 
| 39 +4 
44 19 
$8 33 
53 37 
37 62 
61 66 
66 71 
70 75 
75 79 
9 4 
4 RS 
88 93 


aspect groups are listed. “The information 
in this table shows that, alone, aspect does 
have a definite effect on site index—as is 
popularly believed. However, in the anal- 
ysis of data, aspect was found to be dis- 
tinctly nonsignificant. mainly 


to the confounding of aspect with other 


This is due 


variables such as depth of A horizon. 

The other variables tested in this study 
proved unimportant, and will not be dis- 
cussed individually. It is likely that for cer- 
tain narrow classes of soils or topographic 
locations some of these variables would also 
be important in their contribution to an 
estimate of site index. 

It is also possible that not all the impor- 
tant properties of the soil were considered 
in this study. Certain of the factors omitted 
in this work, although perhaps of impor- 
difficult to 


hence could not readily be 


tance, are very measure, and 
used in deter- 
minations of site quality. This applies par- 
ticularly to conditions at the deeper rooting 
levels. 

In the Southern Appalachians the soils 
are generally quite friable and somewhat 
sandy. 


Laboratory tests show imbibitional 
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TABLE +. Site indices of scarlet and 
black oak by aspect. 


Number of 


Average 

Asy t plots site index 
N 5 63.1 
NI 12 70.9 
I 15 66.4 
SI 22 67.5 
S 33 61.2 
SW 16 58 9 
W 5 57.0 
NW 2 62.5 
N i NI 17 68.6 
| and SI 37 67.1 
S and SW $9 60.4 
W rd NW 7 58.6 
N, NE, E, and SI 54 67.5 
S, SW, W, and NW 56 60.2 
Votal and averag 110 63.8 


water values ranging from 3.71 to 9.47 for 
the B, horizon, which indicates that all of 
the soils in this study are considered friable, 
according to Coile’s (1948) range of values 
for Piedmont soils. This comparison also 
seems to indicate that there should be no 
layers of soil or soil material in this study 
which would prevent tree roots from pene- 
trating to considerable depths. If this is 
true, tree roots may reach variable quanti- 
ties of ground water depending on whether 
the water table is within reach, and, if it is 
within reach, whether the water table is 
temporary (1.e., perched from the winter 
season) or permanent (as it may be near 
the bottoms of slopes or along drainage- 
ways). 

‘Tree roots do penetrate Southern Appa- 
lachian soils to great depths. Unpublished 
studies at the Coweeta Hydrologic Labora- 
tory, near Franklin, North Carolina, show 
that roots of small trees can be traced to 
depths of over 8 feet, and roots of large 
trees can be traced to even greater depths. 
The soils and geology at Coweeta are 
quite similar to those at Bent Creek, and 
the same principles should generally apply 
in both places. 
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In the study at Bent Creek, measure- 
ments of soil and bedrock were limited to 
a depth of 60 inches. Therefore, any effect 
on site index contributed by factors such as 
soil, water table, or bedrock below this 
depth cannot be stated here. These effects 
could not readily be utilized in site-index 
measurements anyway. 

A final relationship examined in_ this 
study was that between humus types and 
site index. A wide range of humus types 
was encountered, but the bulk of them fell 
into the class of duff mulls (Table 5). Mor 
humus types had a tendency to occur on the 
drier sites and under ericaceous shrubs, such 
as laurel and rhododendron. Rhododen- 
dron usually grows only on the moist sites 
and, since scarlet and black oak tend to 
gvrow on drier sites, most of the mors found 
in this study were on very dry sites and 
under laurel bushes. ‘Thus, the site indices 
of these plots were low, whereas if the 
study areas had included more rhododen- 
dron or similar species, a larger proportion 
of the plots would have shown some mors 
on good sites too. 

Generally, site index increases as the A, 
horizon increases in depth. In other words, 
a rather uniform increase in site index takes 
place with the change from mor through 
duff mull to true mull humus types. This 
relation is illustrated in the following tabu- 
lation, which is a summary of Table 5: 


A verage 


Humus ty pe D ep th of 4, site index 


Mors None 49.8 
Duff mull Shallow 58.2 
Duff mull Deep 65.9 
Mull Deep 74.0 
Mull Very deep 87.4 


It appears, then, that for the scarlet and 
black oak types, the humus type is a fairly 
good indicator of site quality. It should 
also be recognized, however, that in certain 
situations the presence of ericaceous species, 
especially rhododendron, may lead to the 
formation of mors even though the site 
quality is high. 
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TABLE 5. 


Humus type! 


Mors 
Thick felts 
Thin felty 
‘Total and average 
Duff mulls 
Thick (shallow A;) 
Thick (deep Ay) 
Thin (shallow A;) 
Thin (deep A) 
Total and average 
Mulls 
Coarse (deep Aj) 
Coarse (very deep A;) 
Medium (deep A) 
Medium (very deep A;) 


Total and average 


Grand total and average 


1See Hoover and Lunt (1952). 


Summary and Conclusions 


The purpose of this study was to correlate 
soil and topography of the Southern Appa- 
lachians with site index of scarlet and black 
oak. 

Accordingly, site index and 20 properties 
of the soil and topography were examined 
on 110 plots on the Bent Creek Experi- 
mental Forest. By regression analysis it 
was determined that only three of the 20 
properties were of significant value in pre- 
dicting site index. The three properties are 
depth of A horizon in inches, position on 
slope in percent of distance from bottom to 
top of the slope, and percent of sand in A 
horizon. The best expression of the esti- 
mate of site index is in the equation: 

Y = by + b,X, + bX, + bX, 

Site index = 38.7690 + 8.8057 (depth of 
A horizon, inches) — 0.0477 (position 
on slope, percent) — 0.4620 (sand in 
A horizon, percent) 


The standard error of the mean site index 


Number 


of plots 


Humus types in relation to site index of scarlet and black oak. 


Average 
site index 


Range of 
site index 


6 37—54 47.8 
18 39-59 50.5 
24 49.8 

3 59-64 61.3 

3 43-60 49.3 
26 45-67 57.8 
21 57-79 68.3 
53 61.7 

5 62-76 66.5 

3 87-91 89.0 
20 67-87 75.8 

5 84-89 86.4 
33 77.2 
10 63.8 


value (63.76) is 2.65 feet. 

Although properties such as aspect have 
definite effects on site index, they are almost 
completely accounted for by one or all of 
the three properties already in the equation. 

An examination of humus types revealed 
that they are fairly good indicators of site 
quality on scarlet and black oak sites. Mor 
humus types usually occurred on the poorest 
dry sites, duff mulls on intermediate sites, 
and true mulls on the best moist sites. It 
was also found that mors were often closely 
associated with ericaceous vegetation (laurel 
in particular). 

A number of soil factors were not ex- 
amined because they are not readily meas- 
urable. One of the best examples is depth 
to water table, which is extremely variable 
in the mountains and may have considerable 
effect on site quality. However, most of 
these factors, including depth to water ta- 
ble, are probably accounted for by depth of 
A horizon and other measurable properties 
of the soil. 
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Pathological Detertoration of L.ooper-Killed 
Western Hemlock on Southern Vancouver Island 


DurING 1944-46 an outbreak of the west- 


ern hemlock looper (Lambdina_ fiscellaria 
lugubrosa (Hulst)) occurred on southern 
Vancouver Island. As a result of this in- 
festation, 50 thousand acres of mature and 
overmat western hemlock ( T'suga het- 
crophyll (Raf.)  Sarg.), Douglas-fir 
menztesu (Mirb.) Franco), 
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4 th 
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Sitka spruce — ( Preea sitchensis 
Carr.), and amabilis fir (A dies 


( Bong.) 
amaobtis 
(Dougl.) Forbes) were severely defoliated. 
Most of this damage was concentrated in 
the valleys of the Klanawa, Caycuse, Sa- 
rita, and Nitinat Rivers, which drain the 
western slopes of Vancouver [sland between 
Cowichan Lake and the Alberni Canal 
(Fig. 1). Within the defoliated areas 
complete mortality occurred on some 15 
thousand acres containing approximately) 
500 million board feet of timber (Kine- 
horn, 1954). 

One of the important considerations 
facing the forest industry following th 
looper attack was that of determining the 
maximum period during which the eco- 
nomic salvage of killed stands would re- 
main feasible. 

Although studies of the deterioration of 
western hemlock had been’ undertaken 
previously in the Pacific Northwest region 
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(Boyce, 1929; Buchanan and Englerth, 
1940; Kimmey and Furniss, 1943; Childs 
and Clark, 1953), none provided informa- 
tion specific to insect-killed stands. Since 
it was appreciated that cause of death could 
influence the nature and rate of deteriora- 
tion (Riley and Skolko, 1942) and since 
future outbreaks can be anticipated, it was 
considered of value to initiate studies in the 
affected areas. 

This report summarizes the results of 
studies carried out in three severely affected 
areas on southern Vancouver Island. 


Methods 


In view of the sampling problems encoun- 
tered, it was necessary to carry out exami- 
nations in felled and bucked timber made 
available through salvage operations then 
in progress. ‘Three examinations were 
made. The first field examination was 
carried out in the valley of the Sarita River 
in 1948. ‘Trees examined in this area 
were located within a strip one-quarter 
mile long by 100 ft. wide. The second 
examination was carried out in 1950 on 
13 one-fifth-acre plots established in the 
valley of the Klanawa River. The final 
examination was made in 1953 on a one- 
acre plot established in the valley of Wil- 
son Creek (Fig. 2). These areas, al- 
though selected because of their similarity 
in stand composition, site quality, and age 
distribution, were considered to be repre- 
sentative not only of the affected stands 
but also of the hemlock type common to 
the region as a whole. Hemlock com- 
prised approximately 80 percent of the’ total 
stand volume. Site indices of hemlock 
ranged from 110 to 120 and average stand 
ages from 200 to 230 years. In each of 
these areas 95 percent or more of the hem- 
lock had been killed. 

Information on the year of death of 
trees which exhibited varying degrees of 
defoliation was gained by cooperators' 
through the examination of permanent 
sample plots established in areas of severe 
attack. ‘These examinations were discon- 
tinued in 1950 when most of the plot trees 


were felled during the course of salvage 
operations. Since arrangements could not 
be completed to section representative trees 
on a sufficient number of the permanent 
sample plots prior to 1950 or on any of 
those remaining after this date, it was neces- 
sary to employ an arbitrary time scale on 
which to evaluate the rate of deterioration. 
The basis employed was the year of col- 
lapse of the looper outbreak, namely, 1946. 
Studies have shown (Kinghorn, 1954) 
that few hemlock completely defoliated in 
1944, 1945, and 1946 recovered, and 
since living trees were excluded from the 
deterioration analyses, 1946 may be in- 
terpreted not only as the year of death but 
also as the commencement date for the 
evaluation of stand deterioration. Thus, 
conditions encountered in 1948, 1950, and 
1953 were considered to represent the 
cumulative deterioration 2, 4, and 7 years 
after cessation of the outbreak. 

Mensurational data~ were obtained for 
all hemlock felled for detailed analysis in 
the sample areas. All trees 12 in. and over 
at d.b.h. were scaled in accordance with 
current standards of utilization (Province 
of British Columbia, 1944). In addition, 
the location and extent of all breaks, splits, 
and shatter were noted. 

Measurements of radial penetration of 
decay were obtained by chopping into the 
logs at intervals of 10 ft. from stump to 
a 10-in. top. At each point of examina- 
tion the average depths of incipient and 
advanced decay were measured and their 
characteristics described. Decays were 
identified in the field by means of sporo- 
phores associated with them. In the ab- 
sence of sporophores, wood samples con- 
taining the incipient stage of the unknown 
decay were collected for subsequent cul- 
tural identification. 

1Personnel of Forest Zoology Unit, Forest 
Biology Laboratory, Victoria, B. os. 

“Mensurational data included species, diam- 
eter breast height (d.b.h.) outside bark, total 
height, bark thickness, stump height and diam- 


eter, age and increment, and log Jength. 


volume 3, number 2,1957 / 127 








All volumes were computed in’ board 
feet according to the British Columbia Log 
Scale (Province of British Columbia, 
1944), and in accordance with standard 
culling procedures (Province of British 
Columbia, 1942), with the exception that 
decay volumes were deducted prior to 
those for breakage. 


volume was measured as the volume be- 


Gross merchantable 


tween stump height and a 10-in. top. “The 
entire volumes of broken or defective logs 
under 16 ft. in length were culled for 
decay and breakage. Logs 16 ft. or over 
were culled if at least one-third of their 
OTOSS volume in sound wood could not be 
recovered after deductions for decay. Trees 
were culled if 50 percent of their gross 
volume could not be recovered in sound 
wood, 

Deterioration volumes were computed by 
reducing the diameter of the logs accord- 
ing to the visible extent of radial penetra- 
tion by decay fungi. In computing the 
average depth of radial penetration, the 
depth of decay at each 10-ft. interval along 
the merchantable bole from stump height 
was taken to represent the average depth 
of decay five feet above and below. the 
‘To determine the 
average depth of decay for the entire bole, 


pont of measurement. 


the depths of decay measured at each 5-ft. 
section were summed and divided by the 
total number of sections. The same pro- 
cedure was followed in computing the av- 
erage radius of decay in individual logs. 
Heart-rot volumes were assigned from 
average values computed for living hem- 
lock in adjacent areas by Buckland er al. 
(1949). 


rived following extensive sampling, were 


These values, which were de- 


considered to be more representative of 
the average volume of heart-rot applicable 
to western hemlock in the region than 
values obtained during the limited sam- 
pling of the present study. 

Recults 

Losses associated with decay and breakage. 
\verage total losses attributed to decay and 
breakage increased progressively from year 
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TABLE 1. Losses sustained i i 
killed hemlock on southern \ ancouve 
Island 


Number 
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of death (‘Table 1 and Fig. 3). By the 
seventh year, all dead trees had reached 
the stage of absolute or arbitrary cull. Thi 
most important source of loss was that 
caused by sap-rot which entered the trees 


following death. Losses from ‘eakave 
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NUMBER OF YEARS OF DETERIORATION 


were considerably lower. Mlost breakage, 
moreover, was attributed to the large vol- 
umes of both sap-rot and heart-rot present 
at the time of felling ( Figs. 4, 5, 6, and 
7). Losses attributable to heart-rots pres- 
ent in the trees prior to their death were 
included in the computation of total losses. 
‘Twenty-four percent of the gross volume 
was deducted for heart-rot in each year 
of examination. Although no significant 
increase in volume was apparent, it should 
not be concluded that the activity of heart- 
rot fungi ceased following the death of the 
trees. It is more likely that the sampling 
techniques employed were inadequate in 
regard to determination of the small in- 
crease likely to occur during the period of 
study. 

Analyses showed (‘Table 2) that the 
average depth of radial penetration in- 
creased with time from year of death and 
that the average depth of radial penetra- 
tion did not vary significantly with d.b.h. 
In view of these findings it is to be expected 
that volumetric losses, expressed in relation 
to the gross merchantable volume, would 
decrease with increase in diameter.  Fig- 
ure 8 demonstrates the average reduction 
in gross volume which may be expected to 
occur as a result of sap-rot penetration. Fig- 
ure 8 was derived from curved gross vol- 
ume data (Province of British Columbia, 
1947) for site 120, reduced according to 
the average radial penetration computed 
after 2, 4, and 7 years of deterioration. 
Curved gross volumes were used for this 
purpose rather than those computed in this 
study because the latter were found to fluc- 
tuate unduly. These fluctuations were at- 
tributed to inadequate sample size and, to 
a lesser extent, to differences in site. It 
should be mentioned that these data have 
reference only to losses sustained from sap- 
rot and that no arbitrary culling standards 
were adopted in their determination. ‘Thus, 
although it is indicated in Fig. 8 that 20- 
in. trees do not reach absolute cull until 
the seventh year of deterioration, the addi- 
tion of heart-rot to this size class would 


TABLE 2. 


sap-rot in hemlock in relation to tree 


»,f rey, oe 
Radial Penetration of 


SIZE 
Diam Numl oO 
lass di € Or 
(incl ) 2 + 7 
Ru nenetrati - 
10 1.5 2.8 
15 0.9 1.4 5.4 
ZU 0.5 1.6 $.5 
25 O.8 2.6 o 7 
30 1.3 a2 5.3 
45 1.1 > c 56 
4( 1.3 2.8 5.4 
$5 1.6 2.1 7.6 
50 1.3 5.9 
35 0.4 2.8 
60 1.0 
\verage depth 
of penetration 1.0 2.4 5.7 
Computed 
value of ¢ 1.881 1.896 2.235 
lable value 
of 7(.01) 2.669 2.868 2.845 
Ba 258 


demonstrate that the termination of the 
period of economic salvage, assumed to he 
at the point of 60 percent loss, would be 
reached within four years. Similarly, eco- 
nomic salvage of the 30-in. d.b.h. class 
would not be possible after five years and 
of the 40- and 50-in. classes not after six 
years. 

When the trees were analyzed on a log 
basis, it was found that the average losses 
caused by sap-rots increased with increasing 
height above ground (Table 3). This 
trend was found to be in direct contrast to 
that reported by Riley (1940) in his study 
of bark-beetle-killed spruce on Gaspé 
Peninsula in Quebec. Although the limi- 
tations of this study did not permit investi- 
gating the reasons for this trend, it is 
believed that the moisture content present 
in the lower portions of the trees was too 
high to allow vigorous growth of the wood- 
rotting fungi. Also, the smaller percent- 
age of sapwood present in the lower por- 


tions of the boles may have further r-- 
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Figures 4,5,6and 7. Typical breaks occurring in hemlock during felling. Note 
numerous sporophores of Fomes pinicola (Sw.) Cooke in Figure 5 and deep 
penetration of decay in Figures 6 and 7. 
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TABLE 3. Relation of volume of sap-rot to 


position of logs in tree (curved 
values ) 


Percentage of gross volume lost through sap-rot 


Number First log Second log Third log Fourth log 
of years \verage Sap- \verage Sap- \verage Sap- Average Sap- 
of deterio- length rot length rot length rot length ro 
ration ft. y/ ft. % ft. % ft. Ne 
2 38 10 35 25 27 49 22 75 
4 34 21 3() 52 20 85 16 100 
7 34 58 20 91 18 97 21 100 


stricted fungal activity. ‘These results do 


this source remained low, averaging less 
demonstrate again, however, that smaller 


than 10 percent of the gross merchantable 
diameter logs are subject to heavier vol- volume of the trees examined. ‘The per- 
ume losses than those of larger diameter centage of their gross volume associated 
for equal sap-rot penetration, with decay, however, was much _ higher 
As would be expected, the rapid inroads than that encountered in merchantable-size 
made by the wood-rotting fungi, together 


with a proportionate increase in breakage, 
had a decided effect on the length and 
number of merchantable logs recovered 
from the killed trees. Log length de- 


creased steadily as the deterioration ad- 


logs. <At the end of the fourth year of 


deterioration, for example, decay losses 


vanced, irrespective of the portion of the 
bole from which the log was taken. The 
first three logs cut from the tree of aver- 
age diameter in the second year, for ex- 
ample, were 38, 35, and 27 ft. in length, 
respectively, while those cut from the same 
relative positions in the seventh year were 
only 35, 20, and 18 ft. in length, respec- 
tively. Since the percentage of decay not 
only increased with height above ground, 
but also with the length of the dettriora- 
tion period, the number of merchantable 
logs recovered rapidly decreased from five 
in the second year to one in the seventh. 

Although logs under 16 ft. in length 
were arbitrarily culled for decay or break- 
age, it was considered of interest to de- 
termine what percentage of the total gross 
merchantable volume of the stands was 
associated with this size of log and, also, 


PERCENTAGE OF GROSS BOARD FOOT VOLUME 





0 / a 3 « s e ? 
, MBER OF YEARS OF DETERIORATION 
to determine whether the percentage of oe 


defect present was higher than that found 
in logs of merchantable size. Subsequent 
analyses indicated that total losses from 


Ficure 8. Percentage of gross board foot vol- 
ume lost through deterioration due to sap- 
rot penetration. 
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amounted 


ft. and 


31 percent in logs over 16 
73 percent in those under 16 fet. 
It is apparent from the values given in the 
example, and from those derived for other 
years of analysis, that the presence of pro- 
portionately higher volumes of decay will 


increase the number of logs of unmerchant- 


able size curring in trees at the time of 
felling. 
E utrance urts for deterioration fungt. 


The more important avenues through 
which deterioration fungi were considered 
to gain entrance were insect holes, broken 
tops, bark cracks, branch stubs, scars, and 
roots. Bark- and sapwood-mining insect 
entrance and exit holes appeared to be of 
particular importance during the early 
stages of deterioration. Thus, not only 
was there higher percentage of infection 
in those pr rtions of the bole w here insect 
holes were most numerous, but also it was 
found that the frequency of deep-seated 
infections was higher at these points. 

\s deterioration progressed, breakage in 
the tops and branches increased, bark 
cracks developed, and bark began to pull 
away from the sapwood around branch 
stubs and scars, thus providing many more 
avenues of entrance for decay fungi. By 
the fourth year of deterioration the zone 
of fungal activity had spread out from the 
infection points and coalesced to form a 
solid but irregular ring of decay around 
the periphery, as well as over the entire 
Many of the fungi 
found attacking the first six feet of the 


length of the tree. 


bole appeared to gain entrance at or below 
ground level. Decay caused by these fungi 
was, in nearly all cases, far more advanced 
at ground level than at stump height. 

Fungi causmg decay. ‘Ten fungi were 
found to contribute to deterioration (‘Tables 
4 and 5). Fomes pinicola (Sw.) Cooke 
was by far the most important wood-rot- 
ting fungus with respect to number of in- 
fections and percentage of total decay. 
This fungus was responsible for the only 
brown cubical rot identified during the 
study. All the remaining identified and 
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most of the unidentified decays were 
caused by white-rotting fungi. 

Fomes pinr ola caused 56 percent of the 
total infections and $1 percent of the total 
decay. ‘The percentage of total decay at- 
tributed to this fungus was found to be 
consistently high in all years. It is of 
interest to note that Fomes pinicola has 
been reported by Boyce (1929) and Bu- 
chanan (1940) to be responsible for most 
of the losses from decay in wind-thrown 
hemlock in Washington and Oregon. It 
would appear, therefore, that this fungus 
is probably the most important cause of 
decay in dead hemlock in the Pacific North- 
west. 

The number of infections and amount 
of decay associated with identified whitc- 
rotting fungi were relatively insignificant 
when compared to those of Fomes pinicola. 
In no case was more than 9 percent of 
the total infections, or more than 2.7 per- 
cent of the total decay volume, associated 
with any of these rots. In terms of vol- 
ume infected, the more important white 
rots were those caused by Fomes annosus 
(Fries) Cooke, Ganoderma applanatum 
(Pers.) Pat., and Polyporus abietinus 
Dicks. ex Fries, which accounted for 2.7, 
2.2, and 2.1 percent of the total decay vol- 
ume, respectively. In terms of percentage 
of total number of infections, however, the 
most important rots were P. abietinus, 
Armillaria mellea (Vahl ex Fries) Quél., 
Ganoderma applanatum, and Fomes an- 
MWOSUS, which were associated with 9, $, , 
and 3.6 percent, of the infections, respec- 
tively. 

Only three of the white-rotting fungi, 
Ganoderma applanatum, Fomes annosus, 
and Ganoderma oregonense Murr., were 
consistently isolated in all three years of 
analysis. Ammillaria mellea was isolated 
in the last year of analysis only, although 
there was evidence of its presence in the 
stumps of trees examined in the earlier 
analyses. Polyporus abietinus, which ap- 
peared to attack only the sapwood, was iso- 
lated only in the first two years. Some 


TABLE +4. Fungi associated with the deterioration of looper-killed hemlock 








] ¢ ubleal <9 
Poly poru etinus Dicks. ex Fries White pock« 37 
4rmillaria mellea (Vahl ex Fries) Quél. White soft 33 
Ganoderma applanatum (Pers.) Pa White mottle 18 
Fomes annosus (Fries) Cook White po 15 
Ganoderma orgonense Murt White spong 10 
Poria tsugina (Murr.) Sa and ‘Tro White pitted t 
Polyporus resinosus Schrad. ex Fries White string 2 
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old fruiting bodies of this fungus were tion, P. abietinus infections were apparently 
noted in the final year of analysis but no confined to the basal log but by the fourth 
sgnificant amount of decay was recorded. year it was found to have infected the up- 

During the first two years of deteriora- per bole as well. With the exception of 


TABLE 5. The relative importance of fungi associated with the deterioration 
of looper-killed hemlock 


1948 analysis 1950 analysis 1953 analysis 
Percent-  Percent- Percent- Percent- Percent- Percent- 
age of age of age ot age of ige of age of 
total total total total total total 
number of decay number of lecay 1umber of deca 
Fungus infections volume infections volume infections volume 
Fomes pint la 62.2 64.4 56.2 82.9 $7.0 86.1 
Polyporus abietinu 1.4 0.2 22.9 sur 
drmillar a mellea 28.2 2.6 
Ganoderma applanatum 1.4 1.8 2.6 0.7 10.3 3.4 
Fomes annosu 4.2 2.2 3.3 2.5 3.4 3.0) 
Ganoderma oregonense 2.8 0.5 0.7 0.2 +3 1.8 
Portia tsugina 2.8 3.0 
Polyporus resinosu 0.7 Trace! 0.8 0.4 
Polyporus circinatus 0.6 0.5 
Polyporus circinatus var. 
dualis 0.6 0.1 
Unknow: 25.2 27.9 12.4 7.4 6.0 a 
Totals 100.0 100.0 100.0 160.0 100.0 100.0 


ILess than one-tenth of one percent. 


volume 3, 167 her 2, 3937 133 








Armillaria ; ellea, which attacked the butt 
end of the basal log only, all other fungi 
isolated, including Fomes pinicola, were 
found to attack all sections of the bole in- 
discriminately. In this regard, Fomes an- 
nosus, whcih is generally considered to 
cause a root and butt rot, was frequently 
isolated at heights well above the basal log, 
with no apparent association with basal in- 
fections, although the latter were frequently 
present in the same trees. 

Several other fungi were isolated in cul- 
ture but none was found to be associated 
with deductible volumes of decay. These 
fungi were, in order of their frequency of 
occurrence, T'rechispora brinkmannti 
(Bres.,) Rog. and Jacks., Stereum sangui- 
nolentum Alb. and Schw. ex Fries, Stereum 
chailletu Pers., Fomes pint (Thore) Lloyd, 
and Omphalia campanella Fries. 

Fruiting bodies of Fomes pinicola oc- 
curred with relative abundance on standing 
trees, often over their entire length. Sporo- 
phores usually developed in bark crevices 
(Fig. 4) or on the underside of branch 
stubs. Mast, however, did not appear un- 
til the decay reached an advanced stage. 
Sporophores of other decay fungi were 
relatively scarce with the exception of those 
of Polyporus abictinus, which developed in 
profusion in bark crevices during the early 


stages of deterioration. 


Discussion and Summary 


The long-term nature of the study, to- 
eether with the need for sampling stands 
within the sphere of salvage operations, 
necessitated locating sample plots in three 
Although minor differ- 
ences in stand conditions were encountered 


separate areas. 


in each sample area, they were not consid- 
ered of importance in respect to the general 
deterioration of stands. As the stands 
sampled were considered to be representa- 
tive of the hemlock type on the west coast 
of Vancouver Island, it is believed that the 
data obtained may be related to future out- 
breaks of a similar nature in the same re- 


gion. 


134 / Forest Science 


On the basis of the samples obtained, 
deterioration of the killed stands progressed 
rapidly. ‘The principal agents responsible 
for this rapid deterioration were wood-rot- 
ting fungi which entered the trees shortly 
after their death. Some deterioration was 
also caused by secondary insects but since 
this damage was limited primarily to de- 
grade of the sapwood, losses from this 
source were not considered separately from 
those caused by sap-rot. Although some 
breakage, caused by weathering and decay 
activity, occurred prior to felling, most of 
the losses attributed to this source took 
place during felling and, as such, were con- 
sidered a result of rather than a cause of 
deterioration. Nevertheless, since breakage 
is unavoidable in felling deteriorated timber, 
losses from this source were included when- 
ever total loss volumes were computed. As 
an average depth of about one inch is 
normally lost through slabbing in a sawmill, 
actual losses in sawlog material, from decay 
alone, would be considerably lower for the 
first two years of deterioration than that 
indicated in the computations. 

In the early Stages of deterioration most 
fungi attacked the sapwood in a sporadic 
fashion forming numerous scattered pockets 
of decay. As deterioration advanced, these 
pockets coalesced to form an irregular ring 
of decay. All sap-rot deductions, therefore, 
were computed on the basis that a solid ring 
of decay developed around the periphery of 
the logs. In the first two years following 
death, most decay was in the incipient stage, 
and apart from the uppermost logs, did 
not penetrate on the average more than one 
inch radially. Beyond the second year of 
deterioration, radial penetration by decay 
fungi increased rapidly and, as a result, the 
sawlog volume was generally reduced be- 
low the point of economic recovery by the 
fifth year, with only small volumes of rela- 
tively low quality sound wood remaining 
in the basal logs of the larger trees. 

It is generally accepted that most decay 
fungi gain entrance to living trees through 
broken tops, scars, roots, and branch stubs. 


-_ 


~~ 


As evidenced by this study, however, it 
would appear that other means are utilized 
by decay fungi in reaching the sapwood of 
dead trees, particularly in the early stages 
ot deterioration. Thus, insect holes appeared 
to be an avenue of entrance for decay fungi. 
\lthough supporting evidence was primarily 
observational, it 1s believed that detailed 
investigations would reveal a definite rela- 
tionship of this nature. 

Although many decay fungi contributed 
to the deterioration of the looper-killed 
hemlock, only Fomes pinicola was found to 
be of major importance, both in number of 
infections and percentage of associated de- 
cay. This fungus attacked both sapwood 
and heartwood and was found to occur in 
all parts of the bole, although less extensive- 
ly in the butt. The early infection and rapid 
spread of this fungus, as found by Foster 
and Hurn (1949), probably accounts for 
the relatively small number of infections 
and volume of decay associated with othe1 
fungi commonly attacking dead timber. 

Although critical analyses of the principal 
associates of hemlock were not undertaken 
during the course of this study, a few 
Douglas-fir, Sitka spruce, and amabilis fir 
trees were examined to obtain a rough esti- 
mate of their rate of deterioration as com- 
pared with that of hemlock. It was evident 
from these examinations that amabilis fir 
was deteriorating equally as fast as hemlock, 
that Douglas-fir was considerably more 
durable, and that Sitka spruce was inter- 
mediary. These findings, although not con- 
clusive, agree with those reported for the 
same species in other deterioration studies 
(Boyce, 1929; Buchanan and Englerth, 
1940: Kimmey and Furniss, 1943). 

The maximum length of time available 
for salvage of dead timber subsequent to a 
looper outbreak in stands of Vancouver 
Island hemlock will vary not only with 
rate of deterioration, but also with prevail- 
ing standards of utilization and with the 
value of the resource in relation to the prod- 
uct derived. Regardless of the end product, 
it is evident that salvage operations should 


commence immediately following verifica- 
tion that heavy mortality is to be anticipated. 
Otherwise, substantial reductions in recov- 


erable volume can be expected to occur. 
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Zon and Sparhawk’s two-volume classic, For- 
est Resources f the VW rid, has been out of 
print for a good many years. dA World Ge- 
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urces 1S the first real 


effort to fill the ga 


‘ 
l 


While falling somewhat 


n 
P- 


short of this mark, it succeeds in establishing 


several new ones of its own. 


7 36-page 


The book itself is a 3 1-article, 
symposium on world forest resources, each 


article having been prepared specifically for 
this publication. The 35 authors are, almost 
without exception, men who hold or have held 
positions of leadership in research, teaching, 
or administration in the countries about which 
they write. This gives to each chapter an 
authenticity and sense of intimate knowledge 
that more than compensates for the diversity 
of style that is inevitable in a compendium of 
this kind. 

The five-chapter introductory section, sketch- 
ing the role of forests and forestry in the 
world’s economy, is followed by a region-by- 
region (and often nation-by-nation) descrip- 
ion of the world’s forests. The concluding 
chapter is devoted to an examination of fu- 
ture possibilities for forestry and for forest 
products. The many excellent charts and 
maps are newly-prepared for this volume, and 
the 108 photographs illustrating forest types 
are exceptionally well-chosen. 

The professional forester will be disap- 
pointed at the shallow treatment accorded for- 
estry principles and forest industries in the 
first section. Yet, if he reminds himself that 
i iders, he will 


prebably grant that the five introductory chap- 


the book was designed for lav re 


Ritey, C. G. and A. J. SKoLKo. 1942. 


Rate of deterioration in spruce killed by 


the European spruce sawfly. Pulp and 
Paper Magazine of Canada. 43: 521- 
524. 


Wright, 


nald Press Company, Neu ¥ rk. 19506. 


nts in ere ient Tash- 


ters cO r the e.sential 


ion. And most foresters will find in Camp's 
hapter on ‘Forests of the Past and Present” 
information of a kind not usually presented in 
lendrological texts. 

With respect to the main part of the book 

that describing the world’s forests—two ob- 
servations may be offered: 

(a) The coverage is decidedly uneven. For 
Medi- 
terranean region, while only 28 are given to 
the forests of the U.S.S.R. (where approxi- 
mately one-quarter of the world’s timber is 


example, 36 pages are devoted to the 


located), and only 30 pages to all of South 
America. This inequality of treatment Is un- 
fortunate, yet probably reflects the current 
state of knowledge. 

(b) For any area with which the reader 
happens to be really familiar, the coverage 
will probably appear quite superficial. Again, 
this seems eminently pardonable in a book at- 
tempting to give the significant aspects of the 
world’s forests. The task of describing, for ex- 
ample, the forests and forest industries of the 
United States in 36 pages is no small one, 
and considered from this standpoint the reader 
may well be surprised at the detail and depth 
»f some sections. 

The final chapter by Erhard Rostlund is 
a well-written presegtation of possible future 


product use, balanckd against the 


current 
trends toward more ihtensive forest manage- 
ment. 

In summary: here in one volume is a com- 
pilation of the major forest facts from nearly 


every country in the world. It represents a 


big job—one marred by unevenness of treat- 


} ] 


ment—-but still an extremely valuable and 


timely piece of work. 
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Some Distributions Encountered in 


Sampling Forest Stands 


WE wIiLlI 


foresters encounter frequently when sam- 


DESCRIBE some distributions that 


pling forest stands, and will mention some 
of their problems and approaches. We 
hope that, through discussions such as 
these, statisticians will improve their under- 
standing of the foresters’ difficulties and 
will help them achieve more satisfactory 
lutions. 
Given some knowledge of probabilities 
for single observations, we may draw im- 
portant inferences about the best way of 
collecting and handling numerical data. 
Also, witl knowledge of the probability 
distributions that are most likely to be rep- 
resentative of our samples, we can relate 
our data to the work of mathematical statis- 
ticians. We can use their models, patterns 
of analysis, transformations, and can pay 
heed to their warnings concerning the 
proper use of these statistical aids, provid- 
ing of course that we can understand the 
writings of the mathematical statistician. 

If we do not find distributions and ap- 
proaches to suit our data, we may derive 
some comfort from the statement that, for 
all but the most exceptional probability dis- 
tributions, the mean of a given number 
(N) of values has a distribution that ap- 
proaches the normal in form as N becomes 
large. 

The nature of the distributions that we 
will encounter depends upon the variable 


under investigation and upon the size of 


the sampling unit. ‘The two most commonly 
studied forest variables are musmber of trees 
and volume per unit area. Size of sample 
is governed by the number and size of the 
trees under study. Counts of reproduction 
are taken on plots only 0.001 or 0.004 
acre in size. Volumes per acre are de- 
termined usually from plots 0.1 to 0.5 
acre in size. 

‘The usual approach in sampling of for- 
set stands is to assess volume directly and 
carry a subsample for reproduction and 
other variables of interest. Most data are 
summarized by the means alone; a few 
standard deviations and coefficients of va- 
riation are calculated and all distributions 
are assumed to be normal, tending toward 
normal, or at least to have normally dis- 
tributed means. 


Reproduction Surveys 

Many areas have been surveyed to assess 
the forest crop that is likely to follow after 
logging, burning, or both. Individual 
trees may be listed for each plot by species 
within classes of height or diameter. Al- 
ternatively, each plot or quadrat may be 
classified as stocked or not stocked depend- 
ing upon the presence or absence of a tree 


of the desired size and species. 


Research Paper No. 16, Faculty of Forestry, 
The University of British Columbia. The au- 
thors are respectively Assistant and Associate 
Professors, Fac ults ot Forestry , The Unive rsit¥ 
of British Columbia, Vancouver, B. C. 
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‘Tallying by stocked quadrats often pro- 
vides binomial distributions. If it is 
known that data can be described by the 
binomial theorem, complete description 
and interesting conversions are possible. 
For example, Grant (1951) has presented 
a mathematical method of converting the 
distribution from one quadrat size to that 
of another. Evans (1952) has shown 
how a frequency-density curve may be 
used to compare material obtained with 
quadrats of various sizes. 

Numbers of seedlings per plot may be 
described by the Poisson distribution and 
thereby related to studies of that distribu- 
tion in many fields of. statistics. Ker 
(1954) has illustrated the application of 
the negative binomial distribution to Jist- 
quadrat reproduction surveys in the loblolly 
pine type. 

Shanks (1953) has shown that conven- 
tional statistical treatment of small samples 
yielded biased estimates of vegetation in 
Appalachian stands. Logarithmic trans- 
formation was necessary to reduce or re- 
move the bias. 

Possible uses of the Bitterlich angle-count 
method in assessing stem distribution have 
been noted by Grosenbaugh (1952). 

Spacing between individuals is an aspect 
of reproduction surveys that foresters sel- 
dom have considered; yet biologists and 
ecologists have attached great importance 
to this factor. Dice (1952) has suggested 
that spacing between individuals (distance 
to the nearest neighbour) could be used to 
describe the structure of populations and 
communities in quantitative terms. Clark 
and Evans (1955) have gone on to show 
how the nearest neighbour concept could 
be used to separate the consequences of so- 
cial forces which cause clumping from other 
factors affecting the spatial patterns of dis- 
tribution. There may be application of this 
approach in explaining the clumping of 
seedlings on favorable seedbeds. 

The effect of kind of variable and size 
of sample upon the distribution of number 
of trees is illustrated in Table 1. The 
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data represent the frequency distribution of 
alpine fir trees on 32 plots, each 0.016 
acre in size, within a mixed forest of Engel- 
mann spruce and alpine fir. The trees are 
segregated according to size into one class 
of advance reproduction, not over breast 
height (4.5 feet in height), and three 
classes of diameter at breast height (d.b.h.). 
In the advance reproduction class there 
are no zero counts, the plots containing 
from 4 to 31 trees. In the 0-5 in. d.b.h. 
class there are three zero counts and the 
number of trees ranges up to 9 per plot. 
The 6-11 in. d.b.h. class contains 11 zero 
counts and no plot has more than three 
trees of that size. Trees that are classed 
as 12 in. and larger in d.b.h. are sparsely 
distributed, do not occur on 19 plots, and 
no more than two trees of that size occur 
on any one plot. The pattern of occur- 
rence of Engelmann spruce trees on the 
Fewer 
spruce trees occur in the small size classes 


same plots differs considerably. 


whereas considerably more merchantable 
trees over 12 in. in d.b.h. are present. 
The distributions of spruce and alpine fir 
trees differ among site classes and locali- 
ties and depend greatly upon the age at 
which a stand is sampled. When the size 
of sampling unit is decreased, the number 
of zero counts in each size class increases 
greatly. Increasing the sample size to ().2 
acre, on the other hand, reduces the zero 
counts and increases the range in numbers 
within each diameter class. Further com- 
plexities are introduced into the frequency 
distributions when the trees are tallied in 
two- or one-inch classes of d.b.h. 


The frequency distribution formed by 
the occurrence of plants on small plots or 
quadrats has frequently been compared 
with a Poisson series. Blackman (1935), 
using six- by six-inch quadrats, has found 
that the distribution of most species in cer- 
tain grassland associations followed the 
Poisson series. However, the negative bi- 
nomial provides a description of his data 
that is equally good and often superior to 
that of the Poisson. 


~~ 


TABLE 1. Frequency distribution of alpine fir trees on thirty-two 0.016-acre 
plots. 


l'ree Meas- Number of trees per plot 

size ure (0) ] 2 3 + 5 6 z 8 9 10 11 2 89 3} F59 
Number of plots 

3"-4.5" Height 0 0) 0) 0 1 2 ] 2 2 ] 0 2 l 5 0 0) 

O"- S$” Db. 3 2 8 4 3 2 4 3 l 2 

6”- 11” m 11 10 7 + 

12” + = 19 11 2 

Tree Meas- Number of trees per plot (Cont'd) 

size ure 6 7 8 9 2 21 22 23 2 23 2% 27 2 2 30 FI 
Number of plots 

"tf tet © £ tt £ FO tt SS S 2. 4 we Eee 

= §” Biph: 

6 =F 

12” + 


Ker (1954) has shown that distribution 
series ansing in quadrat sampling of lob- 
lolly pine reproduction in Arkansas are of 
negative binomial rather than Poisson 


mal form: 


(1) @ N (14 =.) 
k 


where N is the total number of observa- 


form. He has also found that satisfactory 
agreement with the negative binomial is 
shown by coniferous seedlings that are re- 
stocking an extensive old burn on the Re- 
search Fore st of the University of British 


tions, and the formula for ¢r, the expected 
Columbia at Haney. These analyses lead 


frequency of any positive count, r, is: 


us to the conclusion that the negative bi- 
nomial may prove to be far more useful k+r | m 
than the Poisson distribution in the analysis (2) dr = do ( : ) (— Lk ) 
of list quadrat studies. 

The Poisson series arises with random 
sampling of a randomly distributed popu- 
lation when the probability of an event is 
exceedingly small and when a sufficiently 


The mean of the observed distribution 4 
is used to estimate m, and & is estimated 
without error by the maximum likelihood 


large number of independent observations 
are taken to obtain a number of occurr- 
ences. Under such conditions the mean, 
m, may be assumed to be constant and 
With the pres- 
ence of clumpiness or heterogeneity, how- 


equal to the variance, s~. 


ever, a contagious or negative binomial 
series arises. 

The negative binomial has two parame- 
ters, the mean, mm, and an exponent, &. Ans- 
combe (1949) has given the formula for 
$o, the expected frequency of zeros in deci- 


solution of Fisher (1941) or by the sim- 
plified method described by Bliss and Fisher 
(1953). Ker (1954) has outlined and 
illustrated two approximate methods of 
estimating the parameter 4, the efficiencies 
of which have been given graphically by 
Anscombe (1950). 

Agreement of observed frequencies of 
number of seedlings on mil-acre quadrats 
with the negative binomial distribution is 
illustrated in Table 2. Despite the lack 
of efficiency of the approximate method 
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TABLE 2. 


lgreement of observed frequencies of number of seedlings on 


mil-acre quadrats with the negative binomial distribution. 


Basis, Computed 
Stocking 10O. of statistics 
percent iadrats m 
17.5 120 0.62 0.096 
20.0 80) 35 265 
50.0 120 1.96 7R0 
5.0 200 6.76 R75 
975 $() 16.88 854 
97.5 $() 8.15 2.60 
Q7 5 $() $85 00 
640 


used to estimate the parameter & in the 
areas more than 5() percent stocked, the 
over-all chi-squared value at the bottom 
of the table shows no significant lack of 
agreement, 

Of what practical use to the forester 
is such information? <A_ relatively inex- 
pensive stocked-quadrat survey of regen- 
erating forest land, in which stocking is 
defined as the percentage of quadrats con- 
taining at least one established seedling, 
may be used to provide considerably more 
information concerning the forest repro- 
duction. A knowledge of the relationship 
between the negative binomial parameters 
m, the mean number of seedlings per quad- 
rat, the exponent 4, and stocking percent, 
would permit us to predict the outcome of 
the more expensive list-quadrat survey. 
Perhaps only a person who is both a forester 
and a statistician can appreciate such a 
problem and make full use of statistical 
methods in this case. 

When we have knowledge of the dis- 
tribution we are sampling, we may take 
advantage of sampling plans such as those 
prepared by Oakland (1951). Oakland 
has drawn up sequential sampling schemes, 
sampling plans involving no fixed sample 
size, to provide effective sampling of dis- 
tributions that are binomial, normal, Pois- 
son, negative binomial, or negative hyper- 
geometric in nature. 
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Degrees 


I thcien \ ot of free- Prob- 
k-estimate, lom Chi- ibility, 
percent n square { P 

E>98 2 2.08 0.40 
K>98 2 2.58 30 
98 >E>90 S 3.27 90 
75>E>50 14 10.45 70 
"S>E>S5S0 7 +.34 75 
] 50 10 16.69 09 
| 30 7 20.8 5 OOS 

50 60.21 153 


Sampling for Volume 


' 


Although volume per acre usually is the 
variable of prime interest, there are many 
approaches to its determination and many 
variables that may be studied with it. Vol- 
ume per acre may be gross or net, may be 
for one or many species, may be for all 
or part of stands or individual trees, and 
may be estimated in units that range from 
board feet to cords per acre. Number of 
trees per acre, average diameter, basal area, 
stand age, site index and oth iriables 
may be of interest. Volume per acre may 
be uniform but most often is highly vari- 
able. Within any forest there is usually a 
eradient of volume resulting from. sys- 
tematic trends in quality of growth poten- 
tial or site. Upon this trend will be imposed 
the end result of genetic factors and agents 
of mortality that may have operated mor 
or less at random throughout the life of the 
stand. 

Most studies of the sampling problems 
involved in assessing stand volumes have 
had as their objective the determination of 
the most efficient size and shape of plot. 
The best plot has been considered to be 
that which minimizes the coefficient of 
variation and the cost of establishment. 
Studies have been made by Hasel (1938), 
Johnson and (1952), Clark 


Hixon 


— 


~_— 


(1953), and Savage (1956) for some typi- 
cal western forest stands. Apparently, these 
investigators have not considered it worth- 
while to study the actual distributions in- 


volved. 


Johnson and Hixon (1952) presented 
data which may be used to show the in- 
Huence of size of sampling unit upon fre- 
quency distribution of volumes. ‘Their data 
for individual 0.025-acre plots are grouped 
in Table 3 by volume classes chosen to 
sive at least 14 classes for each size of 
plot. The frequency distributions resulting 
from division of the plot data into equal 


volume classes are given also, 


The nature of the frequency distribution 
ranges from nearly Poisson on 0.025-acre 
plots to approximately rectangular on 1.0- 
acre plots. The estimates of volume pet 
acre on 0).025-acre plots range from 0 to 
1.2 million board feet. When 1.0-acre 
plots are used, the volumes tallied per acre 
would range from 40 to 190° thousand 
hoard feet. We may wonder how ade- 
quately the coefficient of variation describes 
the relative variation of volumes per acre 
icross such a tremendous range in frequen- 
cy distributions. 


‘The ease of use and apparent simplicity 
of the coefficient of variation may be mis- 
leading at times. In 640 acres of pon- 
derosa pine forest the average coefficient 
of variation was only 35 percent for 64 
one-acre plots. Yet coefficients of .varia- 
tion for 16 “forties” each containing 4 
one-acre plots ranged from a low of 15 
percent to a high of 120 percent. 

Knowledge of distribution of volumes 
would be particularly important in determi- 
nation of the optimum number of plots in a 
cluster comprising a day’s work for one 
field crew. The components of variance 
should be known for the sources of varia- 
tion “within” and “between” plot clusters. 
In this case we should not overlook the 
need for transformation of data prior to 
analysis. 


Analysis of Variance 


Many analyses have been made without 
any attempt to ensure that the data meet 
the basic assumptions of analysis of vari- 
ance. Important results may be overlooked 
and false or misleading conclusions may be 
derived. Many foresters are s spicious of 


changes in data prior to analysis. Perhaps 


Quenouille’s use of the word “‘scaling”’ is 
preferable to “transforming” of data priot 
to analysis (Quenouille, 1953). Suspicion 
and skepticism are understandable, in part, 
because the forester may experience diffi- 


culty in assessing the importan 
ences in transformed data that have been 
shown to be statistically significant 


In certain cases there may no scal 
that can handle the data adequately. What 
can one do with 39 zeros and 24 one-hun- 
dred-percents in observations of ntace 


survival on 240 seed spots! 


When it is possible to work th known 


distributions, the problems of transforma- 
tion and analysis are simplified. We need 
the help of statisticians to provide further 
classification and evaluation of many dis- 
tributions of stand variables w ire of 


I 


interest to foresters. 


Harmonization of Distributions 


Studies of volume, growth, and yield often 
require harmonization of distributions that 
ire exceedingly complex. ‘The problem is 
relatively simple when distributions ar 


normal and may be harmonized mathe- 


matically or graphically on arithmetic prob- 
ability paper. Skewed distributions are more 
common and much more difficult to deal 
with, but skewed distributions have been 
harmonized graphically on arithmetic prob- 
ability paper or by development of align- 
ment charts with one curved axis. 

Meyer (1930) considered these graphi- 
cal methods and found that they fail to 
represent the true conditions because they 
force a set of curves of varying form into 
a set having but a single form. He found 
that the graphical methods gave good re- 
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TABLE 3. Size of sampling unit and its relation to the distribution pattern of 
old-growth Douglas-fir volumes. 


Volume Class, 


> 
scribner 


Dec. C Plot size, acres 
(10’s of bd ft) 0.025 0.10 0.20 0.225 0.30 1.00 
Number of plots 
0 $25 3 
1-25 255 6 
26-50 137 7 ] 
51-100 93 12 1 
101-200 94 21 3 2 
201-300 104 22 + 
301-400 86 ik 3 ] 
401-500 105 29 4 7 ] 
501-600 87 36 6 5 1 
601-700 () 24 4 4 3 
701-850 65 38 11 4 3 
851-1000 36 36 9 9 2 
1-1000 1,132 249 45 36 11 
1001-1250 21 46 18 12 5 
1251-1500 13 31 24 15 7 
1501-1750 4 17 25 7 9 
1751-2000 3 17 17 19 12 
1001-2000 +] 111 &4 53 33 
2001-2500 1 27 22 25 26 
2501-3000 1 10 16 ZZ 15 
2001-3000 2 37 38 47 41 
3001-4000 28 21 22 
4001-5000 5 10 13 5 
5001-6000 2 12 5 
6001-7000 3 
7001-8000 S 
8001-9000 3 
9001-10,000 3 
10,.001-11,000 2 
11,.001-12,000 1 
12.001-13,000 3 
13,001-14.000 2 
14,001-15,000 1 
15,001-16,000 1 
16,001-17,000 
17,.001-18,.000 2 
18,001-19,000 ] 
Totals 1600 400 200 169 132 40 





- 


sults for standard deviation and coefficients 
of variation but that the trend which 
characterizes the coefficient of asym- 
metry and excess was replaced by a 
constant. This fault would be especially 
serious in the small diameter classes because 
of their usually large negative asymmetry 
of distribution. Meyer went on to demon- 
strate the application of Charlier’s curves 
of types A and B to a number of diameter 
distribution series in eight different species. 
No doubt statistical research will reveal 
other ways in which a knowledge of distri- 
butions will prove useful to foresters. 


Concluding Discussion 

In most forestry problems it is difficult to 
assign definite single-factor objectiv es. The 
forester usually tries to find out a little 
about a number of aspects of the forest 
he must manage. 

We would like to know more about dis- 
tributions that we may encounter com- 
monly. We believe that it would be much 
easier for foresters to use these if they were 
completely investigated and described by 
statisticians. On the other hand statisticians 
have not outlined clearly the means by 
which knowledge of our forest distributions 
may be used in designing effective plans of 
sampling. Should minimizing coefficients of 
variation and the elements of time and 
cost continue to be our main objectives? 

We would like to know also a great deal 
more about the character of the exceptional 
probability distribution in which sample 
means may not be normally distributed. 
We would like to know the influence of 
sample size on this important question and 
we need guidance in learning how to recog- 
nize where special care in sampling is neces- 
sary. The possible limitations of the use of 
the coefficient of variation to summarize 
spread or scatter should be determined. 

Transformation should be made more 
useful to the forester and more understand- 
able to the layman. 

There is a great need for close contact 
between foresters and statisticians in order 
that statistical methods may be used more 


effectively in forestry. One of the largest 
handicaps in this regard is difficulty in the 
translation of mathematical approaches into 
solutions for our problems. We need for- 
ester-statisticians rather than foresters with 
a smattering of statistics and statisticians 
with no appreciation of the problems of the 
forester. 
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In S§ f \ Fe , an excellen 
ex | 1 for a beginning course, treat- 
lg n phases of the subject. Th ex 
s desig students of agriculture. Its 19 
hay $30 4 s are convenientl - 
1 ed SIX mayor Optics. 
Following a brief historical oduction, tw 
rs deal with plant growth and nutrition. 
Four ipters are devoted to a discussion ot 
the forms and behavior of specific elements 
nitrogen, phosphorus, potassium, calcium, mag- 


nesium and sodium as well as secondary and 
race elements. The manufacture and proper- 
ties of various specific and mixed fertilizers 

covered in five chapters after which farm 
manure and liming are treated. The final 
five chapters deal with soil fertility evalua- 


rs In Management 


‘Technical subject matter is discussed in a 
clear, concise manner and the text is well sup- 
plied with illustrative charts, graphs and tables. 
\t the end ot most chapters there is a list ot 

; : ; : : 
questions designed to focus attention on the 


important points covered in the text. 


Since the text was written for the agricul- 
tural student, the forester will not find a treat- 
ment on the fertilizing effects of forest litter 
and humus or macro- and micro-organisms. 
Similarly, discussions of soil fertility and the 
application of fertilizers to forest soils are not 


cove red. 


However, the text provides a very useful 
tool for the forest nurseryman or the forest 
researcher dely ing into the field of forest soil 


fertilization. 


Initiation and Development of Flower 


Primordia in Slash Pine 


SLASH PINE (Pinus elliottu Engelm.) is 
one of the most important forest tree species 
of the Southeastern part of the United 
States. As a result of its importance, sev- 
eral public, private, and educational organi- 
zations in this country and abroad are work- 
ing with slash pine as the major species in 
their fores tree improvement programs. It is 
imperative that the flowering and fruiting 
cycle of this species be known so that cul- 
tural methods can be developed to produce 
Howers in a more regular pattern on 
selected tre es, and on trees growing in seed 
orchards. The pollination and fertilization 
patterns have been fully described for sev- 
eral species of the genus Pinus, but a sys- 
tematic study of the time of flower pri- 
mordia initiation, and a detailed morpho- 
logical description of the rudimentary male 
and female flowers has not been made for 
pines. There have been a number of experi- 
ments which attempted to manipulate the 
flowering mechanism in pines by nutritional 
and. other means. The timing of these 
treatments could only be guessed at for 
little precise information was available on 
the initiation of flower primodia. 

‘The present paper presents the results 
of a study which was made to determine 
the time of initiation of male and female 
Hower primordia and the subsequent floral 
development of these structures on_ slash 
pine trees growing in the Lake City, Flor- 
ida area. For the microsporangiate stro- 


BY 
FRANCOIS MERGEN 
LOLA E. KOERTING 


bili, the steps leading to the formation of 
microspore mother-cells are described, and 
the description of the megasporangiate 
strobili includes the various phases from 
flower primordia initiation to the first indi- 
cation of an ovular swelling on the ovulif- 
erous scale. The descriptions were discon- 
tinued at these stages because an excellent 
study of their further development was 
described by Miss Ferguson in 1904. The 
dates given in the present paper are for 
collections made in the Lake City, Florida 
area, 


Literature Review 


In his detailed treatise “‘Die Coniferen und 
die Gnetaceen,” published in 1872, Stras- 
burger reported that the primordia of the 
male strobili of Pius Pumilio (P. mugo 
Turra var. Pumilio Zenari) are laid down 
during the early part of August of the 


The authors are located at the Yale Univer- 
sity Forestry Research Center, John A. Hart- 
ford Foundation Program in Forest Biology, 
Valhalla, N. Y. Mergen is Asst. Prof. of For- 
est Genetics; Koerting is Research Associate. 
The collection of the buds was started while 
the senior author was stationed at the Lake 
City (Fla.) Research Center of the South- 
eastern Forest Experiment Station, U. S. For- 
est Service. The authors thank P. FE. Hoek- 
stra and FE. FE. Miles for carrying out some of 
the field collections. 
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year preceding pollen shedding, and that 
the primordia of the female strobili are 
initiated in late August or early September. 
He stated that the rudimentary megaspor- 
angiate flowers over-winter with only the 
bracts developed and that during April of 
the next year the initials of the ovuliferous 
scales become evident. In 1904 Ferguson 
reported that “with the exception of Pimus 
Strobus, the staminate cones, in the pines 
which I have studied, make their appear- 
ance in October or November.” With 
reference to the pistillate strobili of the 
hard pines which were included in her study 
she observed that “‘it is possible that in these 
species they were organized in the autumn, 
but I have not been able to find any evi- 
dence that such is the case. I have recently, 
November 25, 1902, attempted to discover 
the young cones of Pimus rigida and P. 
austriaca, but, as formerly, the search was 
futile.” Coulter and Chamberlain (1910) 
reported that in Pimus Laricio (P. nigra 
Arnold) growing in the Chicago area, the 
ovulate strobilus begins to develop in late 
fall and winter. Chamberlain (1935) did 
not give any dates for the various develop- 
mental stages in conifers but he mentioned 
that they will vary from species to species 
and even within a species depending on 
regional climates. He presented a schematic 
drawing of a longitudinal section through 
a young staminate cone of Pmus bankstana 
which was collected on September 10. The 
sporangia in the bottom section were in the 
early sporogenous stages, and the arche- 
sporial cells had not been differentiated in 
the apical part of the cone. Doak (1935) 
presented an average annual curve for the 
deposit of units on the long axis for Pinus. 
He placed the deposition of the staminate 
cone series near the end of July, and that 
of the ovulate cones during the middle of 
August. In his paper, “The earliest stages 
of pinon cones,” Little (1938) reported 
that he found the first evidence of primordia 
of the cones in dormant buds which he had 
collected during November. 

Since Strasburger published his results 
(Strasburger, 1872 and 1879) no further 
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detailed studies of the first stages of the 
developing microsporangiate or megaspor- 
angiate strobili in Pimus have been made, 
although there are several reports for other 
members of the Coniferales. Dupler (1919 
and 1920) described in detail the staminate 
and ovuliferous structures of Taxus cana- 
densis with respect to their development 
and vascular anatomy. Allen (1941) re- 
ported that for Douglas fir, western hem- 
lock, and grand fir differentiation of repro- 
ductive organs takes place during the time 
when vegetative growth has ceased, and 
that reproductive buds can be clearly dis- 
tinguished from vegetative buds towards 
the end of August. The ontogeny of the 
microsporophyll in Douglas fir was de- 
scribed in a later paper by Allen (1946) 
but he did not give the dates which corre- 
sponded with the various developmental 
stages. However, in a drawing made from 
a microsporangiate strobilus collected on 
August 12, he illustrated the arrangement 
of the sporophyll primordia. In an earlier 
paper (Allen, 1943) he had indicated that 
for Douglas fir growing near Victoria, 
British Columbia, the male and female 
strobili are differentiated during the month 
of August. 

Ferguson (1904) described in detail the 
sporogenesis of several species of pines. She 
reported that, with the exception of Pmus 
strobus, the primitive archesporium was 
clearly differentiated in the autumn but that 
the microspore mother-cells did not arise 
until the latter part of April. However, 
Coulter and Chamberlain (1910) reported 
that in Pinus laricio the mother-cell stage 
usually is reached in October with the ex- 
ception of early winters when the staminate 
strobili may pass through the winter in the 
late stage of the sporogenous tissue. Pinus 
sylvestris also passes the winter approxi- 
mately in the mother-cell stage (Haydon, 
1907). 

The ontogeny of the sporangia has been 
the topic of discussion since 1880, when 
Goebel referred to the parent cells of the 
sporogenous tissue as the archesporium. 
Allen (1946) critically reviewed the perti- 
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nent literature and attempted to trace the 
differentiation of the microsporangium 
proper in Pseudotsuga. He was unable to 
detect a hypodermal archesporium in Doug- 
las fir microsporophylls as had been described 
by Chamberlain (1935) for some of the 
conifers. By the time he was able to recog- 
nize the sporogenous tissue, it was four to 
six cells in from the hypodermal layer. 

The early investigators who studied and 
described the growth and anatomy of 
strobili of pines during the 19th century 
were mainly concerned with the evolution 
and morphology of these structures. They 
attempted to interpret them in the light of 
the angiosperm flowers and the spore-bear- 
ing structures of the ferns rather than to 
describe their detailed development. The 
literature on the interpretation of the 
microsporophylls and cone scales is very 
extensive and has been reviewed on numer- 
our occasions (Coulter and Chamberlain, 
1910; Doak, 1935; Thompson, 1940; 
and Florin, 1954). In studying bispor- 
angiate cones, several of the early investi- 
gators attempted to identify the steps which 
lead to the evolutionary sequence of the 
reproductive structures in conifers. Doak 
(1935) made a comprehensive review of 
the literature on this subject, and on the 
basis of a study of some thirty-five species 
of pines, he reinterpreted the evidence 
already available and added significantly to 
the knowledge of the evolution and ontog- 
eny of the axial and foliar systems in Pinus. 
He concluded that “the staminate eone 
axis is considered homologous to the dwarf 
shoot, and the ovulate cone axis homologous 
to the long shoots,” and that “the ovulate 
cone is considered a compound strobilus 
and the cone scale a simple strobilus.”” The 
reader is referred to this monograph for an 
extensive treatise on the subject. 


Characteristics of Reproductive 
Structures in Slash Pine 


Slash pine is a monoecious species and the 
sporophylls are borne in separate strobili or 
cones: the megasporangiate (2) and 
microsporangiate (¢) strobili. Both the 


male and female strobili are borne over 
the entire crown area, but the female 
flowers occur most abundantly in the upper 
part of the crowns. Often the male aments 
are missing from the uppermost branches 
in the crowns. The male and female 
flowers are subterminal in nature, the male 
flowers occurring at the basal portion and 
the female flowers occurring on the apical 
portion of the current year’s growth. At 
the time of pollination the male aments are 
sometimes separated from the female strobili 
by as much as five inches of sterile branch 
growth. The male flowers become visible 
to the naked eye around the middle or 
latter part of October and the female 
flowers can be recognized during Decem- 
ber. The male flowers occur in clusters of 
up to eight aments and are arranged spirally 
When 
ready to shed their pollen during the latter 


around the axis of the branch. 


part of January and during February, they 
are up to 5 cm. long and have a diameter 
of 44 to 1 cm. Soon after dehiscence is 
completed, the aments wither and fall from 
the tree. The female flowers develop in 
a ring close to the terminal bud and occur 
in groups of 1 to 6. However, up to 14 
cones in one ring have been observed. 
Occasionally two rings of cones, separated 
by up to 2 cm. of sterile branch growth, are 
found in slash pine. This is the result of 
two distinct periods of female strobili initia- 
tion. The ovulate cones are receptive to 
pollination during the latter part of January 
and during February. The period of re- 
ceptivity of an individual flower varies from 
several hours to up to a week, depending 
on weather conditions. At the time of 
pollination they have a flesh color and are 
about 2.5 cm. in length. Seed ripens 
during the fall in the year following pol- 
lination, 

Bisporangiate strobili have been observed 
on several slash pine trees in the Lake City, 
Florida area. In every instance, the basal 
part of the hermaphroditic structures bore 
microsporophylls, and the apical part bore 
ovuliferous scales with apparently normal 
ovules. An instance of particularly high 
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frequency of bisporangiate strobili was 
noticed in a 20-year-old slash pine planta- 
tion in which increased flowering had been 
brought about by a heavy application of 
commercial fertilizer. Bisporangiate strobili 
in pines have been adequately described in 
the literature and will not be discussed in 
this paper (Goebel 1880, Strasburger, 
1872; Doak, 1935; and Zobel and God- 
dard, 1954). 


Materials and Methods 


The buds for this study were collected at 
weekly intervals during the period from 
May 1954 to January 1955, from slash 
pine trees growing in an open old-field 
stand in the Olustee Experimental Forest 
in Baker County, Florida. The trees which 
were used had well-developed crowns and 
the collections were made from the distal 
branches in the upper part of the crown, 
Collections were restricted to trees which 
were flowering actively during the preced- 
ing years, and buds were collected only 
from branches which bore both male and 
female flowers in the previous two years. 
A weekly collection consisted of five buds 
each from five trees. “The trees were 
climbed with the aid of a Swedish ladder 
and the buds were placed directly in the 
fixing agent. Formalin-acetic acid-ethy] 
alcohol (FAA) was used as a killing and 
fixing agent. ‘The buds were dehydrated 
in an alcohol-chloroform series and em- 
bedded in ‘Vissuemat (56°C). Some of the 
longer bud scales were clipped off just 
before embedding to facilitate the section- 
ing. The slash pine scales exhibit extensive 
fraying with interlocked marginal fringes 
which make it difficult to obtain perfect 
serial sections. ‘The scales cling together 
very tenaciously and these can be unwound 
in ribbon-like fashion. Serial sections were 
cut on a rotary microtome at thicknesses 
ranging from 10 to 15 pw. Four types of 
staining techniques were used: haematoxylin 
and safranin; safranin and fast green; 
tannic acid, iron chloride, safranin, fast 
green; and haematoxylin and aniline blue. 
Smears of the latter developmental stages 
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were stained with acetocarmine. The sec- 
tions were mounted in Permount for future 


re fe rence. 
Results 


A. Formation of staminate cone. In the 
buds collected during May and early June 
no evidence of primordia of staminate 
strobili was noticed and the apical point of 
the bud was somewhat rounded (Fig. 1A). 
In some of the collections the apical point 
had elongated considerably and by June 11 
had assumed a more pointed shape. Cell 
division was very rapid at this stage as 
evidenced by the number of mitotic figures 
in the apical area. In one of the buds 
collected on June 25, a distinct swelling 
could be observed in a axil of a partially 
formed cataphyll before the cataphyll had 
reached its full size. The tissue in these 
mounds of cells was undifferentiated during 
the early stages, but by July 12 a row of 
vascular tissue was evident in the lower 
vegetative areas of the primordia (Fig. 1B). 
By July 19 differentiation of vascular tissue 
had progressed toward the apical portion 
of the rudimentary ament as can be seen 
in the lower primordia in Figure 1C. Dur- 
ing the latter part of July the lower 
meristematic area started to differentiate 
hood scales which began to envelop the 
rudimentary strobilus and by September 13, 
up to eight layers of scales had formed 
(Fig. LE and F). The innermost layer 
pushed between the primordia and the pre- 
viously formed scales, curving inward near 
the apex, and formed a protective arch. 
These scales have a thick epidermis, espe- 
cially in the outer surface, which becomes 
suberized early during development. Sev- 
eral of the scales which formed last, the 
involucral scales, elongated only slightly. 
At this stage the strobili primordia had not 
formed a protective cuticle and this hood 
should prevent excessive evaporation from 
the succulent structure. During this period 
of growth, the only change recognizable 
within the primordia proper was a broad- 
ening, and a lengthening of the axis of the 
rudimentary ament. Additional meriste- 





Figure 1. Development of the staminate cone. A. Section through bud collected May 25 show- 


ing sterile series (X7). B. Primordia ( 8 ) in the axil of a cat iphyll; July 12 (*18). C 


Section through bud collected July 19. Four $ flower primordia in various stages of develop- 


ment are visible (X30). D. Vascular differentiation in primordia; August 9 (X84). E. 
Protective hood formed by the scales over the developing q primordia; September 13 ( X38). 
Hood scale primordia forming at base of developing 3 ament; September 13 (*53). G. Ilni- 
tiation of rudimentary mi rosporophylls on & ament; October 11 (*31). H. Differentiation 
of microsporophylls; October 25 (24). 1. Sporogenous tissue in basal part of micros porophyll; 
November 1 (120). 





Development of staminate and pistillate cone. A. Male ament collected November 1 
(X24). B. Microsporophylls in ament collected December 14 (X41). C. Microsporophylls 
‘ontaining microspore mother-cells; December 14 (X75). D. Primordia of Q flower on bud 
collected September 17 (X26). E. Pistillate s trobilus enveloped with hood scales; October 4 
(X15). F. Differentiation of vascular tissue in midrib area of Q strobilus; October 18 (32). 
G. Vegetative stalk on Q flower; November 1 (X32). H. Initiation of bract scale primordia; 
November 15 (X35). 
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1. Condition of female flower collected November 22. Details of vege- 
tative bud are plainly visible (X10). 
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matic activity became pronounced during 
the latter part of September. It resulted in 
a lengthening of the axis of the strobilus 
and the rudimentary  microsporophylls 
started to differentiate at the base. During 
the early stages they are similar in appear- 
ance to the primordia of the hood scales 
and their axis it at a right angle to the 
main axis of the strobilus (Fig. 1G). 

During the remainder of the month of 
October differentiation of microsporophylls 
progressed towards the apex and the first 
formed microsporophylls started to turn 
upward (Fig. 1H). This was the result 
of asymmetrical growth: cell division, both 
periclinal and anticlinal, was more rapid in 
the abaxial area than in adaxial surface. In 
several of the buds collected on October 4, 
sporogenous initials had been laid down in 
the abaxial part of some of the early micro- 
sporophylls. In several of the sections, the 
sporogenous initials had already given rise 
to sporogenous tissue. ‘These cells were 
larger in diameter, had a denser cytoplasm 
and accepted more stain than the surround- 
ing cells (Fig. 11 and 2A). The midrib 
or main axis was well marked by vascular 
bundles which connected the upper part of 
the rudimentary microsporophylls with the 
vascular system of the developing branch. 
Further, the outer layer of cells surround- 
ing the microsporophylls, with the excep- 
tion of those cells in the area of the sporo- 
genous cell activity, had become suberized 
and accepted the safranin stain. This 
monocellular layer eventually forms the 
“epidermis” which surrounds the micro- 
sporophylls. 

The sporogenous tissue enlarged con- 
siderably during the month of November. 
In some of the microsporophylls which had 
formed first, the microsporangia appeared 
to be fully developed in early December. 
By December 14, the pollen sacs were 
filled with well-defined microspore mother- 
cells which originated from the sporogenous 
tissue. ‘They were surrounded by a tapetal 
layer consisting of three or four layers of 
cells (Fig. 2B and C). At this stage a 
resin canal, complete with epithelial and 


sheath cells, had formed at right angles to 
the stalk close to the scale-like terminal 
appendage of the microsporophylls. 

In the Lake City, Florida area the male 
strobili passed the winter in the microspore 
mother-cell stage and the reduction division 
occurred during the middle of January. At 
that time, the aments were about 1.5 cm. 
in length. Subsequent development from 
this stage on is very rapid, if weather con- 
ditions are favorable. Aments collected 
over a three-day period from the same tree 
during the latter part of January, showed 
all stages from the microspore mother-cell 
stage, through the tetrad stage, to the 
second vegetative division of the micro- 
spore. 

B. Formation of the pistillate strobilus. 
The primordia for the female strobili are 
not laid down as early as those of the male 
catkins. The first evidence of pistillate 
flower primordia was observed during the 
latter part of August. They first became 
noticeable as slight protuberances in the 
axis of a developing cataphyll (Fig. 2D). 
This mass of cells was pointed, and vascular 
tissue in the central axis started to differ- 
entiate without any delay. The protecting 
bud scales started to develop in a manner 
similar to that described for the male 
flowers. They continued to envelop the 
protuberance in a spiral manner until a tight 
hood had formed (Fig. 2E). By October 
18, a hood of up to 12 lay ers of scales was 
observed around some of the primordia. 
During this period of growth, there was 
pronounced differentiation into vascular 
tissue in the midrib area, and the apical 
part of the primordia assumed a more 
flattened appearance. The vegetative stalk 
also elongated considerably and formed 
xylem and phloem elements, and both 
longitudinal and horizontal resin canals 
appeared (Fig. 2F and G). 

The primordia of the bracts started to 
form during the latter part of October and 
were accompanied by active meristematic 
activity in the basal part of the rudimentary 
pistillate strobilus (Fig. 2H). They ap- 
peared as lateral outgrowths or papillae and 
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Ficure 3. 





Initiation and development of ovuliferous scale. A. Rudimentary female strobilus cov- 


ered with bract scale primordia; November 29 (X25). B. Development of the bract scales; 


Dex ember Ze t 
D. + i. Further differentiation and g 


formed bract scales subtendin 


tials; January 6 (XK72). 


progressed in an acropetal direction, They 
were formed by both periclinal and anti- 
clinal cell divisions (Fig. 21). This devel- 
opmental period continued for a period of 
about three weeks. After this time the 
developing strobili were covered with slight 
protuberances which were arranged in a 
spiral manner (Fig. 3A). Vascular tissue 
had formed in the rudimentary bracts of 
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9). C. Initiation of ovuliferous scale in axil of bracts; December 30 (X11). 
groceth of 


Q strobili; December 30 (X11). F. Well 


¢ the developing ovulifercus scales which contain the ovular ini- 


the lower region; this tissue was connected 
to the vascular elements of the midrib area. 
During the later stages of growth, cell 
elongation and cell division was more rapid 
in the lower region, causing these bracts 
to curve slightly upwards towards the apex 
of the strobilus (Fig. 3B). The ovuliferous 
scale arose in the axial of a bract and first 
appeared as a conical mass of cells during 


sted 
rea, 
cell 
apid 
‘acts 
Apex 
rous 
first 


ring 


the latter part of December (Fig. 3C, D, 
and EF). Initiation of these primordia also 
progressed in an acropetal direction. Buds 
collected on January 6 showed well-defined 
mounds of cells which were subtended by 
the bracts. Vascularization in the midrib, 
as well as in the bracts, had progressed 
rapidly and the epidermal cells of the bract 
had begun to cutinize (Fig. 3F). There 
was distinct cell organization in the upper 
and inward part of the ovuliferons scale. 
Rapid cell division, as evidenced by a large 
number of mitotic divisions resulted in the 
formation of This was 
the first indication of the organization of an 


a protuberance. 


ovule. In this ovular swelling were con- 
tained the sporogenous initials which will 
o1V e rise to the sporogenous tissue. At this 
stage, which was about three weeks before 
pollination, the partially developed strobilus 
proper was 4- 4.5 mm. in length, and the 
total length of the structure including the 
stalk and the hood was 12 mm. The 
strobilus was still completely eiaclosed by 
the interlocked hood scales and was whitish 


in color. 
Discussion 


The time of primordia initiation of slash 
pine strobili in the Lake City, Florida area 
was in close agreement with that given by 
Doak (1935) for the pines he had studied. 
‘The microsporangiate  strobili, however, 
made their appearance one month earlier 
than was indicated by Doak. 
several reasons for this. 


There are 
Doak was not 
mainly interested in the precise period of 
initiation, the curve he represented was 
an average for several species of pines, and 
unless studied closely the primordia of the 
inale strobili are hard to distinguish during 
the very early stages. During their first 
period after initiation they undergo little 
eutward change which is distinguishable 
under the microscope when conventional 
staining techniques are used. Until a diag- 
lostic staining method is developed it will 
be necessary to work in reverse and start 
with a male catkin which can be clearly 
recognized and view the sections in back- 


ward order until the first signs of primordia 
are found. The megasporangiate strobili, 
on the other hand, can be recognized much 
easier by their broad axis and by their subse- 
Another factor 
which makes it difficult to detect the initia- 
tion proper relates to sectioning of the buds. 


quent rapid development. 


During the early stages there are no out- 
ward signs and, therefore, the buds have 
to be sectioned blindly. Unless the pri- 
mordia are located on the periphery of a 
longitudinal section and have their axis in 
the same plane as that of the section they 
cannot be recognized with certainty. This 
probably accounted partly for the failure 
by Ferguson (1904) to find any evidence 
of the strobili in hard pines during the fall 
preceding their emergence, 

‘The microsporangiate strobili were initi- 
ated during a period of about six weeks, 
while that of the female strobili was limited 
to about two weeks. In the samples studied 
there was only one distinct row of female 
strobili. 

The period of initiation and development 
as given is applicable only for slash pine 
trees in the Lake City, Florida area for 
the specified year. The climatic and site 
conditions within the natural range of slash 
pine are varied and therefore affect their 
growth. Asa result the period of initiation 
will fluctuate not only from year to year 
but will also vary over the range of the 
species. Therefore, the results of this study 
can be applied in another area only with 
modification. For this reason the repro- 
ductive characteristics of slash pine, with 
particular reference to the Lake City area, 
were given so that comparison with other 
regions or even with other species can be 
made. 

During the course of this study no evi- 
dence of a hypodermal origin of the sporo- 
genous initials as described by Ferguson 
(1904) and Chamberlain (1935) was ob- 
served. At the time these cells could be 
distinguished with certainty there were sev- 
eral layers of cells inward from the hypo- 
derm. The ontogeny of the sporangia in 
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Pinus needs further study as has been sug- 
gested by Allen (1946). 

There was a definite resting period for 
the microsporangiate  strobili and they 
passed this period in the microspore mother- 
cell stage. This was of interest because 
some of the pines from the northern lati- 
tudes reach the same developmental stage 
before winter dormancy sets in. The 
female strobili, on the other hand, did not 
rest during the winter but continued their 
growth. Those species of pines which grow 
in more southern latitudes, e.g. in Mexico, 
and shed their pollen during the fall prob- 
ably have a continuous developmental pe- 
riod for both their male and female strobili. 

The information obtained will be valu- 
able not only in research work with this 
species but also should be helpful to the 
forest manager. The research forester can 
use these results to time the start of flower 
induction trials, to time the pruning of 
experimental trees in seed orchards so that 
he will have a large number of potential 
flower-bearing branches, and to relate en- 
vironmental and biotic conditions to the 
production of flowers. To the forest man- 
ager, on the other hand, these results will 
be of help during the timing of his cuts to 
convert a stand into a seed production area, 
or during intermediate fellings which are 
aimed at bringing about an increased seed 
crop. 


Summary 


The initiation and development of micro- 
sporangiate and megasporangiate strobili in 
slash pine were investigated. 

For slash pine trees growing in Baker 
County, Florida, the male strobili started 
to form near the end of June and kept on 
forming for a_ six-week period. Their 
differentiation and growth until the stage 
when the microspore mother-cells are 
formed are described and illustrated. 

Female strobili were initiated during the 
latter part of August and their growth is 
described up to the stage when the ovules 
are formed. The various stages of devel- 
opment are illustrated. 
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Contribution Toward a Study of Douglas 
Fir Beetle Development 


‘THE ‘TIME REQUIRED for development of 
the immature stadia of a destructive insect 
must be known in order to understand its 
population dynamics and its relationship to 
parasites and predators, as well as to provide 
the basis for prognosis or control. Effective 
control measures against bark beetles in 
particular depend to a great degree upon 
the proper timing of their application, 

Field observations of the length of de- 
velopment of the Douglas fir beetle, Den- 
droctonus pseudotsugae Hopk., have been 
made by several authors in the past, as will 
be noted later. Concerning these observa- 
tions, naturally, one must draw conclusions 
upon the course of local climate from the 
situation and year of observation and make 
only rough estimates of the temperature 
conditions prevailing during the observa- 
tions. It seemed appropriate therefore to 
perform experiments, apart from field ob- 
servations, in order to establish the dura- 
tion of particular immature stadia in the 
Douglas fir beetle development. The ex- 
periments were limited by the means and 
time at our disposal to development under 
various constant temperatures. Many in- 
teresting questions had to be left open, 
such as the effect of variable temperatures 
upon the rate of development of the imma- 
ture stadia, the effect of high and low tem- 
peratures upon the maturation of the gon- 
ads and the reproductive potential, and the 
effect of various relative humidities upon 
the whole development. 


156 7 Forest Science 


BY s 
J. P. VITE 
J. A. RUDINSKY 


Material, Rearing, and Methods 


The present study was made from No- 
vember, 1955, to September, 1956. The 
beetles used came from Douglas firs that 
were cut in the early spring of 1955 in the 
Oregon State College McDonald Forest 
(elevation 800 feet) and infested in late 
May. Young adults were present by the 
middle of August. Portions of infested 
logs (3 feet long and 10 to 11 inches in 
diameter with '%4-inch thick bark) were 
sealed at the ends by wax and kept in the 
insectary until used in the laboratory. 
The adults emerged from the bark after 
the infested logs had been exposed to 22° 
C. in a greenhouse for various periods of 
time. Emergence from logs brought into 
the greenhouse in November began after 
two weeks’ exposure and continued over 
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four weeks, with peak emergence at the 
end of the second week. The time of ex- 
posure necessary for emergence of the bee- 
tles at 22 C. decreased in reverse ratio to 
the length of the insects’ hibernation. Thus, 
five months later, for instance, on the sec- 
ond of April, the peak of emergence oc- 
curred six hours after the logs were brought 
into the greenhouse, and all emergence was 
finished in one day. Each log portion 
vielded around 350 beetles and about 45 
parasitic wasps, Cocloides brunneri Vier. 
‘The emerged beetles were collected daily in 
plastic-screened cages, and only beetles that 
had emerged in the last 24 hours were used 
for new infestation in the experiments. 


Portions of fresh Douglas fir logs (3 feet 
long, 10 inches in diameter), sealed by wax, 


were placed in plastic-s« reened cages (39 in. 


37 in. X 26 in.) in a greenhouse, and the 


beetles were introduced for attack. (Because 


of good | 


ight conditions in the greenhouse. 








bution of attacks was assured, in 
ontrast to the uneven distribution of attack 
in the laboratory.) After preliminary experi- 
ments it was decided to use only 80 beetles for 
each log portion; a greater number of beetles, 
particularly over 150, resulted in considerable 
mortality of brood because of overcrowding. 
The beetles, introduced into cages with fresh 
log portions, were kept in a greenhouse at 
22° C. for 24 hours, during which time, ex- 
cept for a few individuals, they bored in. The 
beetles found outside the log at the end of 24 
hours were removed; thus all attacks were 
made on the same day. The freshly attacked 
logs were kept in the greenhouse an addi- 
tional 12 hours, in which time copulation usu- 
ally took place and the first eggs were laid. 
Precautions were also taken that no parasitic or 
predatory insects were introduced. The newly 
infested log portions were then placed at vari- 
ous constant temperatures for developmental 
studies. The relative humidity ranged be- 
tween 50 and 60 degrees. Experiments were 
repeated at least twice except for the experi- 
ment at 11° C. (Fig. 3). About 1600 adults 
were used and some 8900 larvae and pupae 
examined. 


To establish the developmental duration 
of particular stadia at different constant 
temperatures, the duration of each stadium 


at 21.5° C. = 1° C. was first found. Sev- 
eral egg galleries were opened periodically 
(daily at high temperature) at the point of 
attack, and only the most advanced sta- 
dium or instar, originating from the first 
four eggs, was considered for the dev elop- 
mental time; in the case of instars, newly 
molted larvae alone, with totally white head 
capsules, were used to fix a time limit for 
terminating the previous instar and begin- 
ning the following one. At 29° to 30° C. 
the galleries were examined at half-day 
intervals during the first two instars, where 
the developmental time is comparatively 
short. In addition to these periodical ex- 
aminations of immature stages under the 
bark, eggs, larvae, and pupae were reared 
under various constant temperatures in vials 
filled with moist, ground inner bark, for 
comparison with the development under 
the bark. 

The head-capsule widths of instars were 
measured with a calibrated micrometer at a 
magnification of 90X to the nearest 
0.0085 mm., and in order to avoid pos- 
sible distortion of newly molted instars, 
only measurements of the larvae with well 
chitinized head capsules were used for 
graphical presentation. 


Development of the Immature Stadia 


A necessary condition for intensive study 
of the rate of dev elopment is precise knowl- 
edge of the particular stadia, their number, 
and their morphological characteristics. 
Moreover, it is important to the experimen- 
tal technique to differentiate between de- 
velopmental phases within particular stadia 
if possible, and to establish their duration. 
By controlled experiments, it is possible to 
establish precisely the age of a developing 
individual and to predict exactly the time 
necessary to complete its development. 
Also, comparative experiments under dif- 
ferent temperatures are more effective, 
quicker, and often more exact, particularly 
with sensitive experimental animals, than 
experiments under field conditions. 

Also, it is often easier to find the dura- 
tion of particular phases by short experi- 
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(1933). 


ments than by controlled rearing of the 
whole stadium. This is particularly true for 
the low temperatures with long develop- 
mental periods. In this way, moreover, 
one can gain detailed information to sup- 
plement the main experiments, in which 
the durations of particular stadia are estab- 
lished by rearing all the stadia consecu- 
tively. 


To insure conditions as close to natural as 
possible, rearing methods were used as described 
above. As a check, bark was removed over 
galleries of exactly dated attack at periods 
established experimentally. Part of the stadia 
or phases thus found were used for medsure- 
ment, and part were reared in vials with small 
inner bark pieces, and also as recommended 
by McMullen,' as control for the next stadia. 
Rearing by another method, in which inner 
bark was pressed between glass or cellophane 
plates, brought no usable results. The rates of 
development of all stadia and phases were ob- 
served at 29° and 21.5° C.; the following de- 
scription of the immature stadia and phases 
refers to development at 21.5° C. + 1° C. 

1L. H. McMullen, presented at the Sev- 
enth Annual Western Forest Insect Work Con- 
ference, Dec. 1955, Spokane, Washington. 


Egg stadium. The first externally recog- 
nizable indication of embryonic develop- 
ment occurs after 15 hours at 21-22” C. 
Then the egg is no longer evenly milk 
white, but instead against the light it shows 
a slight solidification in the center with a 
large transparent space in the cephalic end 
and a similar but smaller space in the caudal 
end of the egg (Fig. 1, E I and II). This 
phase lasts about four and a half days. 
Next, the widely opened and_ weakly 


chitinized mandibles are visible through the 
chorion, and after six hours they close to- 
gether and darken (Fig. 1, E II and IV). 
Within ten more hours, the egg passes over 
gradually into the last phase, in which the 
other head appendages can be recognized 
as well (Fig. 1, E V). Within 6 hours 
usually the larva hatches, as the dried 


chorion breaks where cut by the mandibles. 


Larval stadium. The freshly emerged lar- 
va is recognizable by its white head cap- 
sule and its pointed abdomen. With the 
first intake of food, the alimentary canal 
begins to take on the red color of the con- 
sumed inner bark, as is apparent through 
the transparent larval cuticula. At the same 
time, the abdomen’ shows. the typical 
rounded form of the bark beetle larvae. 
There are four instars, and the larvae of all 
are similar in form and color until the full- 
grown larva in the fourth instar empties its 
digestive tract and reaches the non-feed- 
ing, prepupal stadium (Fig. 1, L I, II, III, 
and IV). The body of the larva in this 
quiescent stage becomes again uniformly 
white, and the abdomen is contracted to a 
compact, cylindrical form. 

The particular instar reached by a larva 
can be determined in two ways: by measur- 
ing the head capsule or by examining the 
larval galleries for the remnants of head 
capsules left from previous molts. Within 
the same population, at least, the instars 
can easily be determined by the size of the 
head capsule. The data from 987 single 
head-capsule measurements are given in 
Fig. 2. 
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The instars of some of the measured ine 


dividuals were first assessed by observation. In 
the “white stages”, the newly hatched larvae 
and the prepupal larvae are recognizable with- 
out difficulty; the “reddish stages” are also 
easily recognizable by the number of head cap- 
sules found in the individual larval galleries. 
The necessary condition for this latter method, 
of course, is that the attack on the stem is 
normal and does not result in overcrowding, 
and further that the bark is taken off cautious- 
ly so that all of the larval galleries of the same 
groove can be examined and compared. Locat- 
ing the head capsules is made easy by the fact 
that they usually lie in characteristic places. 
One finds them among the frass and chewing 
material in the larval galleries at  relativels 
constant distances from the egg niches. 

At 21.5° C. the head-capsule remnants of 
the first instar lay an average 9 mm. from the 
niche; the head-capsule remnants of the second 
instat 'ay 17 mm. farther away; and those of 
the third instar lay another 24 mm. away. The 
head-capsule remnants of the fourth instar 
naturally lay in the pupation chambers, which 
were constructed no farther than 35-40 mm. 
from the third molting place. When there was 
sufficient free space, the average length of a 
larval gallery was 85 mm.; yet its length 
seems to depend on the temperature under 
which the development took place. 


The total larval development, from 
eclosion to pupation, was accomplished in 
about 30 days, from which the first instar 
(L 1) took 3 to 4 days, the second (L 2) 
5 days, the third (L 3) 6 days, and the 
fourth (L 4) 15 days, with about 7 days 
spent in the reddish, feeding phase and 8 
days in the quiescent, prepupal phase. 

The five instars reported by Bedard in 
1933 and 1950 seem less attributable to 
regional differences in the biology of the 
Douglas fir beetle than to an erroneous 
assumption. It should not be necessary to 
say that the value of Bedard’s basic work 
scarcely suffers thereby. The mistake in- 
volved here can be explained by Bedard’s 
method of calculating the width of head 
capsules (1933) and his assumption that 
the intervals between the extremes of the 
head capsules increase from the first to the 
last instar instead of decreasing (Fig. 2). 
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The number of instars presented here 
agrees with that recently reported.” 


Pupal stadium. YVhe pupal stage lasts from 
9 to 10 days at 21.5° C. The second half 
of the development can easily be followed 
externally. On the snow-white pupa, the 
compound eyes become slightly visible after 
+ or 5 days (Fig. 1, P I and IT), and after 
another 2 or 3 days, the eye cornea can be 
seen clearly. Simultaneously, the mandibles 
begin to darken slightly and after a day 
become quite distinct (Fig. 1, P IIT), 
while the body gradually assumes a yellow- 
ish color and the elytra acquire a more or 
less distinct dark marking (Fig. 1, P IV). 
The pupa remains in this stage for 2 days, 
after which the skin on the head and thorax 
is ruptured, and the callow adult emerges. 

‘The immature stadia, their phases, char- 
acteristics, and developmental times are 
summarized in Table 1. 

The various immature stadia differ 
considerably in the actual time required for 
their development. As can be seen in Table 
1 and Fig. 3, the fourth instar requires the 
longest time for its completion. This can 
easily be understood, since the fourth instar 
is actually a double stadium (feeding and 
prepupal phases) where the greatest growth 
and also basic tissue transformation § take 
place. 


Development under various constant tem- 
peratures. The Douglas fir beetle was 
reared under 7 constant temperatures. The 
times required for egg, larval, and pupal 
development at those temperatures are 
given in Fig. 3. 

‘Temperatures above 32-34° C. after 
considerable exposure are lethal to eggs 
and first-instar larvae, thus exceeding the 
upper developmental limit, and tempera- 
tures below 8° C. prevent observable em- 
bryonic development. The fastest complete 
development from the egg to the emer- 

“K. H. Wright and L. H. McMullen, pre- 
sented at the Seventh Annual Forest Insect 
Work Conference, Dec. 1955, Spokane, Wash- 


ington. 





TABLE 1. Immature stadia and phases of the Douglas fir beetle, their chara 
teristics, and duration at 21.5 + 1° C. (extremes in brackets). 


Stadium Phase 


i geg I 
II 
111 
I\ 


Ist instar white reddish 


2nd instar reddish 
3rd instar reddish 
4th instar reddish 


Ww hite-prep. 


Pupa I 
Il 
III 
LV 


Characteristic 


Uniformly milk white 
Central solidification 
Mandibles open and indistinct 
Mandibles closed, distinct 
Head capsule distinct 


Head-capsule width: 0.5 
(0.508-0.622 


Head-capsule width: 0.790 mm. 


(0.710-0.880) 
Head-capsule width: 1.10 mm. 
(0.962-1.160) 
Head-capsule width: 1.44 mm 
(1.23-1.50) 


Snow white 
Eyes barely visible to distinct 
Eyes and mandibles distinct 


Elytra dark 


2 
+ mm. 


Davs 


~ 
' 
os 


4t 





Duration 


Hours 
15 (12-18) 


0 


10 





10 20 30 


Figure 3. Developmental duration of the immature stadia under 
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gence of callow adults occurred in 33 days 


oO 
= 


and took place at 29-30" C. The egg 
2.2 


stage lasted 6 days; the first instar, 
days; the second instar, 226 days; the third 
instar, 3.5 days; and the fourth instar, 13 
days (of which 6 days were spent in the 
feeding phase and 7 days in the quiescent, 
prepupal phase). “he pupal stadium itself 
lasted 5.5 days. 

At low temperatures the duration of the 
total development increased progressively, 
and particularly below the temperature of 
17° C. it shows a distinct increase. 


Field Observations 


The development of immature stadia of 
the Douglas fir beetle in the forest takes 
place under fluctuating or variable tem- 
peratures. ‘The great diversity of tem- 
perature conditions resulting from regional 
differences, seasonal climatic conditions, 
altitude, exposure, stand composition, forest 
canopy, and the condition of the host wee. 
gives the beetle an unlimited variety of de- 
velopmental conditions. 

In the past, several authors have made 
field observations on the duration of devel- 
opment of the Douglas fir beetle; in most 
cases, however, they were not correlated 
with existing temperature conditions. Nev- 
ertheless, they convey an idea cf the length 
of development under a variety of field 
conditions. 

Chamberlin (1918) reports the incu- 
bation of eggs lasting from 15 to 21 day Ss, 
with 16 days for the majority. The larval 
stage required 9 to 14 weeks in the same 
locality. Chamberlin states that he “has 
been unable to account for the great varia- 
tion in the length of the larval stage except 
that it may be due to the condition of the 
host tree. Altitude and latitude cannot be 
held responsible, since the extremes have 
been noted the same year, in the same 
locality, and on the same site but never in 
the same log” (p. 18). Although all logs 
used for the observation had been attacked 
at the same time, the logs where larval de- 
velopment took 14 weeks were older than 


162 / 


Forest Science 





those with 9 weeks’ larval development.* 
It appears, therefore, that the retardation in 
development was caused by the dried-out 
condition of the older logs as compared to 
the fresh ones; a food scarcity probably re- 
sulted from the greater cambium deteriora- 
tion, and also the humidity might have been 
lower than in fresh logs. 

Bedard,* studying the seasonal history of 
the beetle in northern Idaho and north- 
eastern Washington, states that 91 days 
were required to complete all immature 
stadia. The durations of the stadia were: 
eggs 8 days; first, second, third, fourth, 
and fifth instars 6, 13, 16, 16, and 17 days 
respectively; and the pupal stadium 8 days. 

Of particular interest are observations 
made by K. H. Wright’ in 1953 in three 
areas in Washington and Oregon. The 
three study areas and the developmental 
duration from egg laying to tender adult 
stage were as follows: 


1. Packwood Lake Trail (near the town of 
Packwood, Washington): elevation 1800 
feet; northwest aspect, moderate to 
heavy shade. The developmental dura- 
tion was 120 days, from which about 
40 days were spent in the egg stage. 

2. Johnson Creek (about 5 miles south of 
the Packwood Lake Trail): elevation 
1800 feet; steep southern aspect, light to 
moderate shade. The length of devel- 
opment was 95 days. 

3. Upper Siuslaw River (10 miles south- 
west of Elmira, Oregon): elevation 700 
feet; level, moderate shade. The de- 
velopmental time was 80 days. 


It is important to realize that 1953 was a 
very cool season, especially in the spring 
and early summer, a fact which prolonged 
the developmental time, particularly that of 
the egg stadium. 


’Personal communication. 

*W. D. Bedard. The Dougals-fir beetle— 
its seasonal history, biology, habits, and con- 
trol. U.S.D.A., Forest Insect Field Station, 
Coeur D’Alene, Idaho. Unpub. rep. 1933. 


*Personal communication. 





TABLE 2. Developmental temperatures and duration of immature stadia of 
the Douglas fir beetle under field conditions (compare Fig. 4). 


Duration Ave. day 
Stadium in days temp. in 
Egg 24 14.0 
si 6 17.5 
L2 8 16.5 
L3 8 19.6 
L4 19 21.0 
Pupa 11 18.6 
Total development 76 17.5 


In 1954 Wright made comparative ob- 
servations in the Cascade Mountains and 
the Oregon Coast Range and found the 
time of development to be 90 and 70 days 
He observed the first attacks 
in the Coast Range on April 15, whereas 
in the Cascades the first attacks were made 
one month later. 

McCowan and Rudinsky” reported three 
weeks’ retardation in the development of 


respectively ° 


immature stadia in shaded logs as com- 
pared with exposed logs under otherwise 


8V. F. McCowan and J. A. Rudinsky, Bio- 
logical studies on the Douglas fir bark beetle, 
Millicoma Forest, Coos Bay, Oregon. Progress 


report. Weyerhaeuser Timber Company, 
Ta oma, Washington. Forestry Re scare h Notes. 
1954. 

35 


TEMPERATURE 
c 


E Li 


26 3 s ° ‘Ss 20 2 x” 


JuNE 





Mean temp. in 


Ave. night C. (day and 
C. temp. in © C, night) 
10.4 12.2 
13.5 15.5 
12.5 14.5 
14.2 16.9 
16.4 18.7 
15.0 16.8 
13.5 15.5 


equal conditions. Also, the development on 
a south slope was accomplished two weeks 
earlier than that on a north slope, in both 
instances with logs under a closed canopy. 

In 1956 two experiments (A and B) 
McDonald Forest, near 
Corvallis, elevation 1000 feet, no exposure. 


were set up in 
In experiment A the canopy was about 50) 
percent open because of windfalls during 
the previous winter. The fallen trees were 
attacked on May 14 when, for the first 
time in the spring, the temperature reached 
20-22” C. and remained there for 6 hours 
(see Rudinsky and Vité, 1956). The de- 
velopment in these logs took 64 days. For 
comparison, trees were cut on May 17 in 
an adjacent stand, and development in logs 
under a completely closed canopy was ob- 


served (Experiment B). The daily tem- 


— AVE. Oay TEMP 


— AVE NIGHT TEMP 


L3 L4 Pp 
10 5 20 2s 30 4 s ‘ ® 
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FiGuRE 4. Development ( f the immature stadia of the Dou glas fir heetle as related to the tem pera- 
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peratures on this plot were + to 5~ C. lower 
than those on plot A, and the development 
took 76 days. The developmental duration 
of each stadium as related to the recorded 
air temperature in experiment B is given 
in Fig. 4 and Table 2. 


The upper line in the graph (Fig. 4) repre- 
sents the daytime maximum and the lower linc 
the night minimum temperatures in °C.; the 
upper limit of the dark field represents the 
average daily temperatures (from 8 AM to 
6 PM), and the lower limit the average night 
s (from & PM to 6 AM). 


temperature 


Maturation 


From the abundance of open questions 
concerning the sexual maturation of the 
adult and the reproductive period of the 
Douglas fir beetle, only three points were 
taken: (1) the external course of the 
maturation of young adults, (2) the de- 
velopment of the ovaries, and (3) the sex 
ratio and its effect on the reproductive po- 
tential. 


The external course of maturation, The 
freshly emerged callow adult does not pos- 
sess mature sexual organs, nor has it yet a 
hardened skeleton. It gains both during a 
maturation period in which it feeds exten- 
sively on the inner bark around its pupation 


y 


Figure 5. Ovary development of the Douglas fi 


the times indicated refer to 21.5~ C., 


) 





chamber. ‘The maturation is evident ex- 
ternally by the change in the color of the 
skeleton. At 21-22" C. the yellowish- 
white callow adult, whose eyes, mandibles, 
and bases of the antennae are alone dis- 
tinct, turns gradually yellow during the 5 
or 6 days following its emergence. During 
this time, the head and the pronotum turn 
light brown (Fig. 1, A I and II). After 
another 4 or 5 days this light yellowish- 
brown tone has extended over the entire 
body and appendages, during which time 
the head and pronotum have again become 
browner (A III). The light color darkens 
during the following 4+ or 5 days, particu- 
larly on the elytra, which definitely turn 
dark brown and completely hide the flying 
wings (A IV). The young beetle in this 
stage can be recognized by the opaline yel- 
lowish-brown color on the thorax and 
sterna. Complete coloration of the body is 
achieved after two weeks (A V), but even 
before then the young beetle may become 
sexually mature and also capable of flying. 

One can roughly place maturing young 
beetles in either the light, sexually imma- 


ture phase (time of development 2 weeks 
at 22° C.), or the dark, mature phase. A 
characteristic useful in identifying the light 
phase is that the flying wings are still visible 
through the elytra. 


beetle, All drawings show the dorsal aspect, and 
A shows the ovaries in the advanced pupal stadium, and 


B in a 2-day-old adult. C shows the normal ovaries, and D an anomaly of three ovarioles, each in 


m adult nexly emerged from the bark, E shows the ovaries of a young female near the end of 
the first egg-laying period (3 weeks after emerging from the bark), and F the ovaries of a regen- 
erating female after finishing the first egg-laying period (6 weeks after emerging from the bark). 
BC is the bursa copulatrix, REC the receptaculum seminis, V the vitellarium, G the germarium, 


and TF the terminal filament. 
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The development of the ovaries. The gon- 
ads, which develop progressively during the 
larval stage, are already easily recognized 
during the first pupal phase. The ovarioles 
become short slender tubes, a_ process 
which begins in the pupal stage and con- 
tinues into the first phase of the adult 
stadium (Fig. 5, A and B). Thereafter 
follow the differentiation of germarium 
around the vitellarium and the production 
of eg 


tion 


s. About three weeks after pupa- 
at 21-22” C.), the ovarioles are 
filled with ripening eggs (C). In addition 
to the usual symmetrical structure of the 


( 


ovaries, often an anomaly appeared in the 
beetles examined by us, in that one ovary 
consisted as usual of one pair of ovarioles, 
but the other consisted of three ovarioles 
(D). It was found that the females with 
this anomaly had a higher daily egg pro- 
duction than those with normal ovaries. 
The rate of egg production, like the 
maturation of the egg, depends upon the 
temperature. At 21.5” C., in the begin- 
ning of the reproductive period the females 
lay on the average 4 to 7 eggs daily, al- 
though individual variations are fairly 
great. With the progress of the egg-laying 
period, the daily number of eggs decreases 
considerably, so that near the end of the 
period (after 2 to 3 weeks) a single egg 
was laid. The total number of eggs per 
gallery was usually between 30 and 60, 
although occasionally almost 300 were 
found. The control of the number of 
eggs produced daily is comparatively sim- 
ple. If an egg gallery is opened cautiously 
along its side (so that none of the eggs are 
damaged) and kept at the same tempera- 
ture, the number of eggs laid daily can be 


concluded from the number of 


eggs 
hatched daily. That a correspondingly high 
air humidity must be kept is obvious. 

After all the eggs have been laid, both 
oviducts are usually enlarged, and by this 
fact the old regenerating female can easily 
be distinguished from the young female 
(Fig. 5, F). 


The sex ratio. Although Bedard? clarified 


the sex ratio of the Douglas fir beetle in 
1933, later confusing reports were made 
on the numerical relationship of males and 
females. Indeed, the sex ratio is 1:1, as is 
easily proved by examining the young 
adults before they emerge from the bark. 
In freshly attacked trees, on the other 
hand, the males are outnumbered by fe- 
males in the ratio of 2:3, as found by 
Bedard, or 1:1.33, as expressed by De- 
Leon.* 


‘To explain this fact, Bedard proved that 
old females making a second attack do not 
require a second fertilization, and there- 
fore when they mix with young females 
in the new attack they are usually not fol- 
lowed by males. Also, another cause for 
the decrease in ratio is the longer exposure 
of the males to predacious insects and their 
greater mortality, by which the ratio might 
be reduced to 1:2 as occurred in Bedard’s 
experiment. We believe that a similar cause 
lies behind the smaller number of young 
males also: their greater activity leads not 
only later to higher mortality, but already 
during the first flight some males are lost 
in their wide spreading. In other words, 
during the flight the females must find only 
favorable breeding materials, whereas the 
males must find not only the trees attacked 
by females but also their entrance. In ad- 
dition, the merely temporary stay of the 
male in one gallery (for several days, sel- 
dom for longer than 2 weeks), together 
with its search for another female, increases 
its exposure to predators. 

An important question, therefore, is how 
far the reproductive potential can be af- 
fected by the smaller number of males. 
‘Two of Bedard’s statements are important 
in this connection: in their second attack, 
old females “are capable of laying fertile 
eggs without another fertilization” (p. 7), 


*D. DeLeon. Notes on the biology of the 
Douglas fir beetle in the Central Rocky Moun- 
tain Region. U. S. Dept. Agric., Forest Insect 
Laboratory, Fort Collins, Colorado. Unpub. 
rep. 1940. 
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TABLE 3. Effect of the sex ratio upon the reproduction. 


Number of parent galleries 


Number of beetles A B c D 
introduced recovered total with fert. unfert. no eggs 
Experiment os é ¢ . 2 eggs eggs 
A 12 2 108* 1 9 1 6 2 
B 12 3 115+ 2 14 3 5 6 
S 12 4 ir pa 11 6 2 3 
D 12 6 11 4 11 8 3 
E 12 8 10 aie 11 10 1 
F 6 5 6 5 7 6 1 
Votal 66 28 59 23 63 34 16 13 
al 3 
50 20) 
XFound outside the bark, most of them dead. 
and more important “one male sometimes ized and 16 not (= 50 galleries with eggs 


fertilizes more than one female” (p. 8). 
There is then the probability that the lack 
of males is made up by the bigamy or even 
polygamy of at least some of them. To 
study this question, young beetles were 
introduced into fresh Douglas fir logs at 
22°C. in six different sex ratios (ABC 
DEF). The beetles were distinguished 
in sex according to the greater roughness 
of the females’ elytral declivity, a method 
that allowed merely slight error only be- 
cause a sufficient number of beetles with 
pronounced characteristics were used (see 
Chapman, 1955, p. 2). After 2 weeks 
the logs were examined; the results are 
The sex of all beetles 
found (not all of the introduced beetles 


: eee . 
given in Table 3. 


could be recovered) was ascertained by 
section. The logs contained three types 
of galleries: galleries with fertilized eggs, 
mostly with developing larvae (B), gal- 
ges (C), and 

gg ll (D). These 

latter were mostly short, curved galleries. 


leries with unfertilized e; 
galleries with no eggs at a 

The results of the experiment are some- 
what obscured by the fact that some of 
the beetles did not bore in and died outside 
the bark, and some were lost. Nevertheless. 
when one considers the data concerning 
the recovered beetles and_ their sex, it 
follows that of 50 females 34 were fertil- 
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= sum of B and C). The fertilization 
was performed by at least 20 males, at 
most by 29, and probably by 25 males. 
In other words, a sex ratio of 4:5 would 
have secured complete fertilization. This 
represents the minimal quota, because in 
the last two experiments (E and F) the 
females were not at all abundant enough 
to prove the capacity of the males. In 
experiment D, 6 males were able to fertil- 
ize 8 females; thus a ratio of 3:4 insured 
the fertilization. 

Females that were not followed by males 
frequently abandoned the already finished 
gallery, bored in again at another place, 
and finally laid unfertilized eggs. Such 
eggs can be easily recognized by their 
failure to develop: they gradually dry out 
and later show black spots. 


Even though this experiment can be only 


C0 


orientative, it shows, nevertheless, that the 
lack of males (which, according to field 
observations, is not less than the ratio of 
2:3) is equalized for the most part by the 
bigamy or polygamy of individual males, 
and therefore does not necessarily influence 
the reproductive potential. 


Summary 


The Douglas fir beetle was found to go 
through four instars. The developmental 





duration of the immature stadia, their 
phases, and characteristics were studied in 
the laboratory at 21.5°C., and the duration 
was also established at various constant 
temperatures, A brief comparison was made 
with the development under field condi- 
tions. The ovaries were found to mature 
during the pupal and tender adult stadia, 
and females were discovered with anoma- 
lous numbers of ovarioles, which increase 
their egg production. The uneven sex 
ratio in attacked trees does not seem to 
influence the reproductive potential of the 
Douglas fir beetle. 
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Errata 


In Studies of atta he f Am hrosia b eetles in st f tee ) 


Douglas fir beetle dev elopment under field 
conditions. 
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gs on Vancouver Island, British Columbia by 


M. L. Prebble and K. Graham (FOREST SCIENCE 3: 90-112), the following errors occurred: 


on page 102, table 6, the caption should read “holes” and not “lots” and “galley” should be “gal- 


lery’’; on page 104, col. 1, line 22 should read “‘ir 
“Table 5” should be ““Table 6”; on page 105, « 
I 


were omitted. 


no instance”; on page 104; col. 1, line 24, 


, line 6, the words “In explanation of these” 
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Seasonal Height Growth of Deciduous Trees 


FOREST TREES have been shown to have 
seasonal height growth patterns which vary 
markedly with different species. Species 
differences occur not only in total amounts 
of growth but also in the lengths of grow- 
Kienholz (1941), for in- 


stance, divided deciduous species of Con- 


ing seasons. 


necticut into two distinct groups on the 
basis of their height growth characteristics. 
In the first group he found that height 
growth accelerated rapidly to a late May 
climax and fell off to zero by late June. 
The whole growth period lasted only about 
60) days. About 9() percent of the year’s 
period 
which began one or two weeks after growth 
started. In this group Kienholz included 
maples, red oak, white ash, and beech. In 


growth occurred in a_ four-week 


the second group, growth began at about 
the same time but did not accelerate as fast. 
The climax for this group occurred in 
Connecticut in mid-June and fell off to 
zero by the middle of August. Kienholz’s 
data showed that 90) percent of this group’s 
growth took place in a sixty-day period be- 
ginning three to four weeks after growth 
started. Characteristic species of the group 
included grey and white birch, yellow 
poplar, and the aspens. Generally similar 
species variations and seasonal growth pat- 
terns were found in New York state by 
Cook (1941). 

Although height growth of trees is de- 
termined by interactions of hereditary po- 
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tentialities and a complex of environmental 
factors to which trees are exposed, the 
length of the growing season and the shape 
of the growth curve of a species are ap- 
parently controlled most by hereditary 
factors and appear to be relatively inde- 
pendent of normal fluctuations in environ- 
mental factors. Severe droughts and ex- 
cessively low temperatures may check 
growth but usual moisture and temperature 
variations can actually have little effect on 
the seasonal pattern (Kramer, 1943). 


Pronounced seasonal 


differences in 
growth curves of deciduous forest tree spe- 
cies have been shown to occur widely (II- 
Illick’s (1919) data for Mont Alto, Penn- 
Johnston, 1941; Kienholz, 1941; Kra- 
mer, 1943; Reimer, 1949; Kozlowski, 
1955). 

Another salient feature of tree growth 
is the relatively small fraction of the frost- 
free season that is devoted to height growth. 
Illick’s (1919) data for Mont Alto, Penn- 
sylvania showed that about 90 percent of 
all shoot growth took place in the first 
quarter of the frost-free season. Both 
Kramer (1943) and Kienholz (1941) em- 
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Expt. Sta., Amherst, Mass. 
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Figure 1. Course of seasonal growth of 5 de- 
ciduous species during 1954 at Westfield, 
Mass. Groxth plotted as per cent of sea- 
on’s total completed at various dates. 


phasized that height growth occurs in only 
a small part of the frost-free season. A few 
species, however, utilize most of the frost- 
free season for height growth. 

The present work was initiated to see 
whether the marked seasonal variations in 
height growth patterns of different species 
in plantations and in the forest would mani- 
fest themselves under nursery conditions 
in soil of high fertility and known physical 
characteristics. Another objective of the 
present work was to see whether young 
trees in soil of high fertility under normal 
nursery management would utilize much 
more of the growing season than they 
normally do in competition in the forest. 
It was also desirable to obtain additional 
height growth data for deciduous trees in 
central Massachusetts for comparison with 
data from other regions. 


Methods 


Ten species of deciduous trees varying in 
age from 2 to 10 years were used. The 
trees were widely spaced for maximum 
development and were growing in a soil 
of high fertility under regular nursery 
management at the Adams Nursery, West- 
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Figure 2. Course of seasonal growth of 5 de- 
iduous species during 1954 at Westfield, 
Mass. Groth plotted as per ent ¢ f season’ 


1oral ¢ om pleted at various dates. 


field, Massachusetts. “he soil was Chicopee 
fine sandy loam with a moisture equivalent 
of 6.83 percent and a permanent wilting 
percentage of 2.45 percent. The selection 
of species was based on availability and it 
was not possible to obtain different species 
of the same age. However all individuals 
of the same species were of the same age. 
‘The species used were: sugar maple (Acer 
saccharum Marsh), silver maple (Acer 
saccharinum L.), Chinese chestnut (Cas- 
tanea mollissima Blume), Kentucky coffee- 
tree ( Gymnocladus dwicus (L.) K. Koch Be 
mountain-ash (Pyrus americana (Marsh. ) 
D C.), paper birch (Betula papyrifera 
Marsh.), witch-hazel (Hamamelis virgin- 
iana_ L.), flowering dogwood (Cornus 
florida L.), sourwood (Oxydendrum ar- 
boreum L.) D C.), and_ horse-chestnut 
(Aesculus hoppocastaneum L.). “Twleve 
trees of each species were chosen and there 
was some mortality as well as loss due to 
removal. Late in March each tree was 
marked with paint ten centimeters from 
the tip of its terminal bud and tagged with 
a number. Measurements of height in- 
crease were made at approximately weekly 
intervals until October 2nd when all 
growth had ceased. 
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field, A lass. 


Species Av. Av.in- Percent Growth 
orig. crement increase _ started 
height 

Sugar 

maple 601,040 173 May 1 
Silver 

maple 133 1,038 78 Apr. 2+ Sept. 
Chinese 

chestnut Pf 903 117 Apr. 24 
Ky. coffee 

tree 95 510 54 Apr. 19 June 
Mountain 

ash 69 502 73 Apr. 19 
Paper 

birch 141 374 27 Apr. 19 Sept. 
Witch— 

hazel 87 313 36 Apr. 24 
Flowering 

dogwood 118 197 17 Apr. 24 Sept. 
Sour- 

wood 75 143 19 Apr. 24 July 
Horse- 

chestnut 23 81 35 Apr. 19 
Results 


‘There was much difference in the amounts 
of total growth between species, but since 
the trees varied in age and size some of the 
attributable to 
age alone. Therefore in this work empha- 


differences are obviously 


sis is placed on seasonal growth patterns 
only, and all data are given in terms of 
percentages of the total seasonal growth 


for purposes of species comparisons. 


Cumulative growth during the growing 
season, Figures 1 and 2 show what per- 
centages of total seasonal growth had been 
completed by each date during the growing 
season. Additional pertinent growth data 
are given in Table 1. The species in Fig- 
ure were grouped together since they 
made the greatest amounts of absolute 
growth. Those in Figure 2 made much 
less total growth. 

Mountain-ash showed a very early start 
and a long protracted finish due to bud 
elongation. Ninety percent of its growth 
occurred during 39 days from May Ist to 
June 9th. 

Kentucky coffee-tree had the shortest 
growth period, ten weeks. It made 90 per- 
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TABLE 1. Height growth data for 10 deciduous species during 1954 at West- 


Growth 


Aug. 


Duration When 5% When 95% Middle 90% 
stopped of growth completed completed 

k day 

28 17 May 9 July 23 75 
11 20 May 13 Aug. 1 80 
28 18 May 14 Aug. 13 91 
26 10 May 9 June 14 36 
7 16 May 1 June 9 39 
11 21 May 13 Aug. 19 98 
28 18 May 15 Aug. 7 84 
+ 19 May 15 Aug. 18 95 
31 14 May 13 Aug. 10 89 
28 19 Apr. 24 July 24 91 


cent of its growth in 36 days from May 
9th to June 14th. 

Sugar maple grew for about 17 weeks 
with 90 percent of its growth occurring in 
75 days from May 9th to July 23rd. 
These data differ from those of Kienholz 
(1941) who reported this species to make 
90 percent of its growth in Connecticut 
from about May 10th to June 10th. 
Reimer (1949) reported a seven-week 
growing season in Indiana from April 14th 
to May 26th, and Cook (1941) reported 
sugar maples in Rensselaer County, New 
York, to grow for 35 days from May 16th 
to June 20th. 

Silver maple grew much more gradually, 
about 20 weeks; and took 80 days for 90 
percent of its growth. 

Chinese chestnut had an exceptionally 
long growing season and almost constant 
growth rate from May 12th to August 
7th. Ninety percent of its growth occurred 
during 91 days. 

Paper birch had the longest growing sea- 
son. Its growth curve closely resembles 
that of sugar maple and witch—-hazel. Paper 
birch started growing by April 19th and 
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continued to September 11th. Ninety 
percent of its growth took 98 days. Kien- 
holz (1941) reported a shorter growing 
season in Connecticut for paper birch with 
90 percent of growth occurring from May 
20th to July 20th, and no growth occur- 
ring after mid-August. The growth pat- 
tern of witch—-hazel was similar to that of 
paper birch and silver maple. It grew for 
18 weeks and put on 90 percent of its 
growth in 84 days from May 15th to 
August 7th. Like sourwood, it manifested 
a slight resurgence in August after a mid- 
July lull. Nevertheless, its total growth in 
July exceeded that in August. 

Flowering dogwood showed a growth 
pattern unlike that of any other species. It 
had a particularly long growing season. Its 
most rapid growth occurred during the 
first week in August, but thereafter it 
slowed down suddenly, so that the total 
monthly growth of June and July exceeded 
the total monthly growth of August. Flow- 
ering dogwood grew from April 24th to 
September 4th, with 90 perceit of growth 
occurring during 95 days from May 15th 
to August 18th. This species has been re- 
ported to grow all summer and to stop only 
temporarily during periods of adverse en- 
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vironmental conditions (Meyer and An- 
derson, 1952 ). 

Most of the sourwood specimens had 
been severely winter-damaged and _ their 
tips killed back. They were therefore 
measured from the axil of the outermost 
surviving bud, which in each case produced 
a shoot that assumed the lead. Sourwood 
grew for about 18 weeks with 90 percent 
of its stem elongation occurring during 89 
days from May 13th to August 10th. Thus 
considerable growth occurred after the 
average tree stopped growing. This was 
because of the unusually wide divergence of 
cessation dates from June 29th to Septem- 
ber 14th. Some individual trees showed 
a growth resurgence just at the average 
date of cessation for the whole group. The 
percentagewise growth after the average 
terminal date was about 8 percent. Many 
of the trees bloomed, the inflorescence in 
some cases arising on the new leading shoot 
terminally and in other cases laterally or on 
a side branch. 

Horse—chestnut grew for eighteen weeks 
and made 90 percent of its growth in 91 
days from April 24th to July 24th. There 
was much variation among individual trees 
in this species, and one tree made 9() per- 
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cent of its growth in 65 days. Probably 
all growth of horse-chestnut after mid- 


June was merely bud elongation. 


Percentage of season’s growth during each 
month, Figures 3 and 4+ show the amount 
of growth accomplished during each month 
of the growing season. Growth of moun- 
Kentucky 


chestnut and sourwood was characterized by 


tain—ash, coffee-tree, horse- 


a rapid spring acceleration. “These species 
made their greatest growth in May. Sugar 
maple, silver maple, paper birch, and witch 
hazel formed an intermediate group which 
started slowly and made the greatest growth 
in June. Thereafter, growth of this group 
slowed down considerably. Flowering dog- 
wood and Chinese chestnut formed a third 
category which had conspicuously long 
growing seasons. Although June was a 
month of greatest growth for flowering 
dogwood, this species grew only slightly 
less in July and August. Flowering dog- 
wood grew more in August, percentage- 
wise, than did any other species. However 
it slowed down rapidly thereafter. Sour- 
wood grew slightly more in August than 
in July, thus showing a bimodal growth 
curve. The greatest percentage of growth 
during any one month was 74 percent 
which was made by mountain-ash in May. 


Discussion 


The present study reinforces earlier em- 
phasis on the individuality of seasonal 
growth patterns for different species of 
forest trees and suggests that some species 
are more dependent on stored foods than 
others for height growth. Despite the fact 
that all trees were grown with considerable 
spacing and in soil of high fertility there was 
pronounced variation in growth behavior 
of different species. The growing season 
lasted only ten weeks for some species but 
twice as long for others. Some species like 
mountain—ash made a sudden burst of 
growth in the spring and completed most 
height growth in less than a fourth of the 
frost-free season. Some species had grow- 
ing seasons of intermediate length while 
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others like Chinese chestnut and dogwood 
started slowly and continued to grow 
during a large part of the summer. 

All species began to grow before the 
threat of frost was over and, despite the 
high level of soil fertility in this experiment 
all of them completed most of their growth 
long before the frost-free season ended. 
In an average frost-free season in West- 
field, Massachusetts, which runs from the 
beginning of May to mid-October, a total 
of 166 days, 95 percent of the growth of 
paper birch, which had the longest growing 
season, was already completed by August 
18th. One species, mountain-ash, had al- 
ready completed 95 percent of its growth 
as early as June 9th. Kramer (1943) has 
pointed out that growing seasons of some 
trees may quantitatively equal the frost- 
free season and this is so only because these 
trees stop growing before frost begins in 
the fall and start growing before frost 
ceases in the spring. It has been generally 
held that deciduous trees make their height 
growth at the expense of prior-year photo- 
synthate rather than products of current 
photosynthesis (Biisgen and Miinch 1931; 
Loomis, 1935). This is so because in some 
species much height growth occurs early 
in the spring before an effective photosyn- 
thetic mechanism has developed. Such trees 
stop growing some time during the summe1 
when the leaves are carrying on photo 
synthesis very effectively. Presumably car- 
bohydrates are then accumulated during 
the rest of the summer. Carbohydrate 
reserves in many deciduous trees are at a 
minimum in early summer and build up 
to an autumn peak (Jones and Bradlee, 
1933; Siminovitch, et al., 1953; Kozlow- 
ski, 1955). It appears likely, however, 
that there are some basic differences in 
deciduous trees with regard to the relative 
amount of prior-year and current-year 
photosynthate that is utilized in height 
growth. A tree like mountain-ash which 
completes most of its height growth early 
depends primarily on carbohydrate manu- 
factured during the previous year. Flower- 
ing dogwood which continues to grow all 


summer may well begin growth using 
stored carbohydratest and sometime later 
may gradually utilize more products of 
current photosynthesis for height growth. 


Apparently the shapes of growth curves 
of some species can be altered only to a 
limited extent even by severe changes of 
climate within the natural ranges of trees. 
Yellow poplar, for instance, distributes its 
growth over four to five months in North 
Carolina, whereas in Pennsylvania it makes 
most of its growth within a two-month 
period. In North Carolina, yellow poplat 
made about one-fifth of its total growth 
during April. In each of the next three 
months however it made about as much 
vrowth as it made in April (Kramer, 
1943). Much of the April growth was 
undoubtedly made at the expense of stored 
foods and, if carbohydrate reserves were 
rapidly depleted in spring as most carbo- 
hydrate cycles in deciduous trees seem to 
show, then a considerable part of the later 
mid-summer growth was presumably made 
with products of current photosynthesis. 
In Pennsylvania yellow poplar made al- 
most half its growth in May, presumably 
at the expense of stored foods. Most of 
the rest of total growth was made in June, 
slightly less than 40 percent, and some of 
this may have been made at the expense of 
products of current photosynthesis. “The 
fact that a much longer percentage of the 
total seasonal growth of yellow poplar 
occurred during the first month in Pennsyl- 
vania than during the first month in North 
Carolina indicates that, in the northern part 
of its range, the yellow poplar depends on 
stored foods more than it does in the south- 
ern part. ‘The first month’s growth is 
likely to be made largely with prior-year 
photosynthate since considerable elongation 
occurs before leaves are fully expanded and 
before the tree has attained maximum pho- 
tosynthetic capacity. 

Shapes of growth curves of some species 
are altered much less than is that of yellow 
poplar in different parts of the natural 
range. The growth of white ash in North 


Carolina was compared with growth of 
the same species in Connecticut and the 
peak was shown in both curves. Mountain 
ash did however have a somewhat longer 
growing season in North Carolina than in 
Connecticut (Kramer, 1943). It has also 
been shown that the shapes of growth 
curves of conifers in different parts in then 
natural ranges are very similar. Growth 
curves of red and white pine were similar 
in New Hampshire and in North Carolina 
(Kienholz, 1934; Kramer, 1933). The 
North Carolina climate merely 
the absolute lengths of the growing seasons 


I reased 


of white and red pine but did not change 
the relative lengths nor the shapes of their 
growth curves. It thus appears that some 
species tend to utilize only st red carbo- 
hydrates for height growth and have a char- 
acteristically short growing season even in 


the southern parts of their ranges. Further 


experiments performed on species with 
characteristically short and crowing 
seasons, like mountain—-ash and flowering 


dogwood, to determine th imounts of 
carbohydrate reserves accumulated by late 
fall may be helpful in enhancing knowledge 
of tree growth. Information is needed on 
the amounts of food used at various times 
of the year in height growth. ‘The ability 
of a species to make an early growth using 
carbohydrates may be a significant factor in 
its competition with other species which 
tend to deplete their carbohydrates slowly 
during most of the frost-free season and 
thereby leave little accumulated reserve for 
the following year. 

The authors acknowledge the coopera- 
tion of Mr. Lester Needham of Adams 
Nursery, Westfield, Massachusetts, whose 
courtesies made this study possible. 


Summary 


iF Ten deciduous tree species were meas- 
ured for height growth at approximately 
weekly intervals in a nursery in Westfield, 
Massachusetts, during the growing season 
of 1954. Marked species differences oc- 
curred in seasonal growth patterns. 
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2. Mountain—ash made the most rapid 


early growth and completed 95 percent of 
its growth by June 5th. Kentucky coffee- 
tree made a slower start and finished all 
growth before the end of June. Horse- 
chestnut had a growth pattern similar to 
mountain—ash and quantitatively grew very 
little. Chinese chestnut and flowering dog- 
wood made very slow starts and then grew 
at a nearly constant rate during June, July, 
and part of August. Sugar maple, silver 
maple, paper birch and witch-hazel were 
intermediate in their growth characteristics 
between the above two groups. 

3. Mountain-ash, Kentucky coffee-tree, 
horse-chestnut and sourwood grew more 
in May than in any other month. Sugar 
maple, witch-hazel, and paper birch showed 
a maximum of growth in June, Chinese 
chestnut in July, while flowering dogwood 
grew almost equally in June, July and 
August. 

4. The length of the period during 
which the middle 90 percent of growth 
occurred was as follows: paper birch, 98 
days; flowering dogwood, 95 days; Chinese 
chestnut and horse—chestnut, 91 days; sour- 
wood, 89 days; witch-hazel, 84 days; sil- 
ver maple, 80 days; sugar maple, 75 days; 
mountain-ash, 39 days; and Kentucky 
coffee—tree, 36 days. 

5. All trees started growth in the spring 
before danger of frost left and stopped 
growing in the summer usually long be- 
fore fall frosts began. 

6. Differences in seasonal growth pat- 
terns suggest that some species with short 
growing seasons use only prior-year photo- 
synthate for height growth while species 
with long growing seasons use prior-year 
carbohydrate early in the spring and may 
utilize current-year photosynthate for 
height growth later in the summer. 
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Canker and Dieback of Poplars Caused by 


Dothichiza Populea 


CANKER OF POPLARs, caused by Dothichiza 
populea Sacc & Br., has been known in the 
United States since 1915, particularly in 
the Central and Eastern States. The fun- 
gus attacks young trees in nurseries and 
plantations, but has not been found on trees 
growing naturally in the forest. Its im- 
portance, therefore, lies in the extensive 
damage that occurs occasionally on plan- 
tation trees. Frequently it attacks only 
twigs and small branches, causing a limited 
amount of dieback; and its presence may 
be overlooked until weather or environ- 
mental conditions become particularly fav- 
orable for its spread. 

Because of the increased interest in the 
selection and breeding of native, exotic, and 
hybrid poplars, a brief study has been made 
of the disease caused by Dothichiza popu- 
lea in this country, especially in relation to 
the susceptibility of hybrid poplars. ‘This 
report describes the distribution and symp- 
toms of the disease, the causal organism, 
the results of inoculations of hybrid poplar 
clones, and the comparative susceptibility 


of 


the clones. 


Hosts and Distribution 
In the United States, Dothichiza popu- 
lea was first reported in 1916 by Hedg- 


‘Authorities for most of the names of spe- 
cies and varieties of poplars are from Rehder’s 
“Manual of Cultivated Trees and Shrubs,” 
2nd ed., 1940. 


BY 
ALMA M. WATERMAN 


cock and Hunt (1916) as the cause of a 
disease of Lombardy poplar, Populus nigra 
italica Muenchh.’ Hedgecock (1927) found 
that the range of D. populea extended 
from Maine to Virginia and westward to 
Minnesota, Nebraska, and New Mexico, 
and that the following species of poplar 
were susceptible: P. brevtfolia Carr., P. 
deltoides Marsh., P. canadensis Muenchh., 
P. eugenet Simon-Louis, P. petrowskyana 
Schroed., P. stmonu Carr., P. simonu fasti- 
giata Schneid. 

The fungus was reported in Massachu- 
setts by W. H. Davis (1935) as the cause 
of dieback on P. alba pyramidalis Bunge. 
Detmers (1923) described it on Norway 
or Carolina poplar (P. eugenet), causing 
extensive injury and death of young planta- 
tion trees in Ohio. More recently S. H. 
Davis (1942) reported the susceptibility of 
these additional hosts in Pennsylvania: P. 
acuminata Rydb., P. berolinensis Dipp., P. 
nigra betulifolia Torr., P. sargentn Dode, 
and P. suaveolens Fisch. The disease also 
occurs on Lombardy poplar in Ontario 
(Moss 1922) and New Brunswick (Giis- 
sow 1917), Canada. 

In Europe, Dothichiza populea has been 
recognized as an important pathogen of 
poplars since 1903 (Delacroix). Goida- 


The author is Pathologist at the Forest In- 
sect and Disease Laboratory, Northeastern For- 
est Experiment Station, Forest Service, U. S. 
Dept. of Agriculture, New Haven, Conn. 
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nich (1940) summarized the range of the 
disease as follows: Italy, Switzerland, 
France, Belgium, Holland, England, Ger- 
many, and Romania. Natural infection 
by the fungus has been reported in these 
countries on a number of poplar species, 
varieties, and hybrids, principally in the 
‘Tacamahaca and Aegeiros groups. 

Van Vloten (1938) tested by inocula- 
tion the susceptibility of the poplars most 
commonly grown in Holland, or used ex- 
perimentally, with the following results: 

Resistant: P. fremontii Wats., P. 

Houtz., P. marilandica Boss:., 
P. regenerata Henry, P. regenerata erecta 
Houtz., P. serotina erecta (Selys) Henry. 

Moderately resistant: P. migra titalica, P. 

serotina Hartig, P. gelrica Houtz., P. tri- 


hocar pa ‘Torr. & Gray, P. candicans Ait. 


OVabDAaNntica 


> » oppt 
Fr. Cu gene, 





Moderately susceptible: P. nigra plantieren- 
ts Schneid., ra cha k ¢ lens s Sx hroed., P. 
Sarg., P. 


Lloydii Henry, P. Wislizenii 


berolinensis, P koreana Reha. 
Susceptible: P. tristis Fisch., P. laurifolia 


Ledeb., P. tacamahaca Mill., P. suaveo- 
lens, P. rasumocskyana Schroed. 

He found that, in P. deltoides missourt- 
ens's Henry (P. angulata, Ait.), and P. 
robusta Schneid., the degree of suscepti- 
bility varied among individual trees. From 
the results of his inoculations he concluded 
that species of the Tacamahaca group were 
more susceptible than those in the Aegeiros 
group, but none of the species available for 
testing was immune. 

Dothichiza populea has been reported 
only once on quaking aspen (P. tremulot- 
des Michx.) and large-toothed aspen (P. 
grandidentata Michx.) in the United States 
(Honey 1944). 


rence on the European aspen (P. tremula 


No report of its occur- 
L.) has been found in literature. 


Symptoms 

Dieback of small stems or shoots frequently 
results from girdling cankers caused by 
Dothichiza populea, Cushion-like fruiting 
bodies are formed on the dead or wilting 
portions. The fungus may infect through 


176 / Forest Science 


bark at the base of small lateral twigs and 
spread from such twigs into a stem or 
branch, on which a lesion or canker then 
develops around the base of the twig (Fig. 
1). Similar cankers form around injured 
buds. Cankers of this type and the fruit- 
ing bodies on the cankers are the earliest 
and most important diagnostic symptoms. 
‘The development of cankers on branches 
or stems varies to a considerable extent in 
relation to the host reaction. On young 
fastigiate trees and those with numerous 
small upright branches, the cankers may 
girdle the branches rapidly, causing pro- 
nounced dieback. “he fungus may then 
vrow downward into the main trunk, 
forming brown necrotic areas in the bark. 
As these infected areas increase in size, the 
bark becomes cracked at the center and 
margins, and considerable callus may form. 
If such cankers are produced in the up- 
per part of the trunk, dieback of the entire 
crown results. On poplars with large out- 





Canker caused by WDothichiza 
populea on Volga poplar. 


Figure 1. 


mer 


a 


ee 


spreading branches, and those resistant to 
the fungus, small branch cankers with 
smooth brown bark, callused at the marg- 
ins, usually increase in size very slowly, 
causing no dieback or other appreciable in- 
jury. More extensive cankers, however, 
may be formed on stems of poplars that 
have numerous small lateral twigs along 
the stem. Infection from such twigs may 
spread rapidly into the stem, forming 
cankers with yellow or brown depressed 
bark, and abundant fruiting bodies. As 
the canker develops, the bark cracks and 
This tends 
to hinder the further spread of the fungus. 


extensive callus is produced. 


On hybrid poplars, cankers of various 
types may occur on one tree, and some may 
resemble those caused by other parasitic 
fungi. A diagnosis is then extremely diffi- 
cult unless fruiting bodies are present or 
the causal organism is isolated in culture. 


The Causal Fungus 


Dothichiza populea was first described by 
Saccardo (1884) and Briard in 1884 on 
dead branches of Populus species in France. 
In 1903 Delacroix reported it as a serious 
parasite of poplar in France and described 
the symptoms of the disease. Klebahn 
(1933) studied the morphology of the 
fungus and concluded that its characteris- 
tics did not correspond with those of the 
genus Dothichiza. He therefore estab- 
lished a new genus Chondroplea, naming 
the poplar fungus C. populea, with syno- 
nyms D. populea, Cytosporella populea 
Ord., and Dothiorella populea Sacc. 
(1937). Certain European investigators, 
particularly Goidanich (1940), have adopt- 
ed Klebahn’s designation, while Van Vloten 
(1938) prefers to retain the name Dothi- 
chiza populea, since he believes that Kle- 
bahn’s interpretation of spore-formation is 
incomplete. In American literature, the 
fungus is still designated as D. populea. 
On specimens of cankered poplars ex- 
amined in the author’s study, the fruiting 
bodies formed small subepidermal spherical 


> to 2mm. in 


cushions of mycelium, about ! 
diameter. As they matured and developed 
into pycnidia, the bark became ruptured, 
and the pycnidia opened irregularly and 
widely, exposing the fruiting layer. ‘This 
layer was composed of densely compact 
slender condiophores, simple and continu- 
ous, or occasionally branched and septate, 
straight or very slightly curved, tapering 
at the tips, on which the conidia developed 
singly. The conidia were unicellular, hya- 
line, ovate-piriform or spherical, 9-13 x 
7-9. 

The conidia were produced in abund- 
ance and filled the pyenidial cavity. When 
mature, and when moisture conditions were 
favorable, the spores were extruded in a 
broad olive-buff cirrhus or in mass, and 
collected on the surface of the bark around 
the pycnidium. A pycnidium seemed to 
produce spores for a relatively short time 
and thereafter the conidiophores disap- 
peared, 

During the summer many such pycnidia 
still contained the unextruded spores most 
recently developed, but no conidiophores 
were found. The bark through which 
the spores extruded broke away, exposing 
the dark brown or black wall of the empty 
pycnidium, and giving the appearance of a 
small cup-like body sunken in the bark. 
New pycnidia were formed as the dieback 
or canker progressed, so that mature spores 
were present throughout the summer and 
autumn. 

Dothichiza populea apparently overwin- 
ters by spores in late-developing unopened 
pycnidia, and by mycelium within the bark 
tissue. In the spring, new pycnidia may 
appear on the stems killed or weakened the 
previous year and on cankers resulting 
from infection of the preceding season. 

In the United States, no ascogenous or 
perfect stage of the fungus is known. In 
Italy, Voglino (1911) found Cenangium 
populneum (Pers.) Rehm associated with 
Dothichiza populea and reported experi- 
ments by which he attempted to prove that 
the latter fungus was the imperfect form 
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of the Cenangium species. Other investi- 
gations, particularly by Klebahn (1933), 
Van Vloten (1938), and Gremmen 
(1952), who compared the two fungi on 
the hosts and in culture, tend to disprove 
this relationship. 


Specimens of Cenangium populneum 
have been collected from various localities 
in the United States, usually on dead 
branches of the aspens, Populus tremuloides 
and P. grandidentata, and occasionally on 
stems of hybrid poplars that have been 
killed by Septoria musiva Pk. (Waterman 
1954). In this study, monoascospore cul- 
tures of C. populneum from P. tremuloides 
and from clones of hybrid poplars, P. »maxi- 
mow:cz Henry P. berolinensis, and P. 
maximowiczu X P. caudina Ten., were 
compared with monoconidial cultures of 
D. populea from a clone of the hybrid pop- 
lar P. petrowskyana X P. caudina, 
Dissimilar colonies were produced, as 
shown in Figure 2. The growth periods 
for both of these monospore isolates were 
The conidial isolations formed 


typical pycnidia of D. populea, but no py- 


identical. 


cnidia developed in the ascospore isolations. 
Inoculations with the isolates of C. popul- 
neum were made on several clones of hy- 
brid poplars, but no infection occurred. 
The results will be discussed later, in rela- 
tion to the inoculations with D. populea. 


Susceptibility of Poplar Species 
and Hybrids 


The large number of species of poplar 
reported in literature as susceptible to Do- 
thichtza populea under natural conditions 
suggests that hybrids of these species might 
be susceptible. To determine whether 
there are clonal variations in susceptibility 
among hybrids, 92 clones representing 38 
hybrids were tested by inoculations. 

These clones were selected from the col- 
lection of hybrids developed by the North- 
eastern Forest Experiment Station of the 
U. S. Forest Service. 
riety names given in Table 1 are those by 


The species or va- 
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designated (Schreiner 1937). 





which the parent trees were originally 


Experimen- 


tal plots for testing disease susceptibility 


were established at Cheshire, Conn., and 


Williamstown, Mass. Observations of nat- 


ural infection on hybrids and species of 
poplar in the Northeastern and North Cen- 
tral States were also made. 


[noculations.—All\ inoculations were made 


during the summer on shoots of the cur- 








Figure 2. A, monoconidial culture of Do- 
thichiza populea,, sith immature pycnidia. 
B, MONOASCT Spe ré culture 

populneum. Length of growth period for 


of Cenangium 
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rent season’s growth from unrooted cut- 
tings or from stumps of young nursery trees 
that had been cut back at the end of the 
previous growing season. The inoculum 
was mycelium from non-sporulating cul- 
tures on malt agar, or a water suspension 
of spores from cankers that had been stored 
over winter in a refrigerator at 40°F. 
Inoculations were made ir wounds on 
the young shoots. “I'wo sides of a triangu- 
lar piece of bark were cut with a sterile 
The piece of bark was turned 
back from the stem sufficiently to allow 
the insertion of a small piece of agar with 


scalpel. 


mycelium, or of a few drops of water sus- 
pension with spores. “The bark was then 
pressed back against the inoculum and the 
inoculated part of the stem was wrapped 
with wet cotton and waxed paper. One 
control on each inoculated clone was made 
by cutting the bark as described, inserting 
a small block of sterile agar, and wrapping 
with wet cotton and waxed paper. The 
wrappings on all inoculated stems and con- 
trols were removed after 48 hours. 

In July 1950, 51 clones of hybrid pop- 
lars in the experimental plot at Cheshire, 
Conn., were inoculated. Four inocula- 
tions per clone were made with mycelium 
from monospore cultures, and one inocula- 
tion with a spore suspension. At Wil- 
liamstown, Mass., in August 1951, 3 of 
these same clones and 41 additional clones 
were inoculated with mycelium from mono- 
spore cultures, with 3 inoculations -per 
clone. All of these latter clones had 
proved to be resistant to the canker-pro- 
ducing fungus, Septoria musiva (Water- 
man 1954), when tested by inoculations. 

During the growing season in which the 
inoculations were made, no evidence of in- 
fection was found. In most cases, the 
inoculation wounds seemed to heal, as did 
In the 
following spring, however, when the new 


the wounds on the control trees. 


growth began to develop, sunken bark 
around the inoculated areas indicated that 
the stems had become infected. 

On the stems of fastigiate trees, girdling 








cankers and dieback occurred during the 
Dothichiza 


bodies developed in abundance around the 


growing season. fruiting 


inoculation wounds. Qn other clones, in- 
fection produced cankers with depressed 
bark and cracked margins, sometimes with 
Occasionally the 
fungus did not fruit on the cankers, and 


a few fruiting bodies. 


heavy callus around the infection area pre- 
vented the further development of the 
canker. Infection from inoculations with 
spores was identical with that from inocu- 
lations with mycelium. 

The susceptibility of the clones was rated 
according to the host reaction to infection 
as indicated by the results from the inocu- 
lations. All inoculated stems were collected 
2 years after inoculation. Each inocula- 
tion was tallied into one of the following 
classes: Class 1, wound healed, no canker 
or dieback; Class 2, small canker around 
the inoculation wound, but healed with 
callus; Class 3, canker with cracked and 
callused margins, usually with Dothichiza 
pycnidia, wood exposed; Class 4, girdling 
From the 


tally, an average was obtained for each 


canker with pycnidia, dieback. 


clone and this was used as the basis for 
A rating of 1.0 indi- 
cated no infection; a rating of 3.1 to 4.0, 
high susceptibility . 


rating susceptibility. 


‘Table 1 gives the susceptibility ratings 
of the clones, according to parentage, to 
indicate variations in susceptibility among 
clones from each cross combination. Most 
of the clones with Populus deltoides as one 
of the parents were uninfected, or only 
slightly susceptible. Seven clones in which 
P. maximowtcz# was the female parent 
were rated as slightly susceptible. 

However, the low susceptibility ratings 
for the clones with this female parent are 
questionable so far as susceptibility to Dothi- 
chiza populea is concerned. These hybrids 
are highly susceptible to stem infection by 
Sestor'a mustva (Waterman 1954), which 
was abundant in the experimental plot. 
The shoots inoculated with D. populea be- 
came infected with S. musiva, and some 
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TABLE 1 


on type of infection resulting from inoculations. 


Parentage ot Populus hybrids 
(female listed first) 


angulata X 
angulata X 
angulata 


angulata & nigra 
angulata X volga 


angulata 
candicans & 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 
charkoviensis 


deltoic les X 
deltoides & 
deltoides X 
de 

de 


maximowiczil 
maximowiczii 
maximowiczil 
maximowiczil 


nigra X 


berolinensis 
deltoides 


incrassata 


unidentified cottonwood 


berolinensis 


\ 
“N 
x 


4 
oN 


x 
x 


Vy 


x 


4 


x 


C 


berolinensis 

| caudina 

] grandidentata 

‘Itoides X_ trichocarpa 

‘ltoides & volga 
x 
Vv 
* 


X trichocarpa 


nigra X laurifolia 
nigra italica 
nigra X trichocarpa 


nigra baatanicoru 


\ 


rasumowskyana 


rasumowskyana 


sargentil X 
sargentli X 


sargentil X 


1Classes of susceptibility were derived from averages of individual clones obtained by multiplying the number 
of individual inoculations tallied into ¢ 
total 


classes by the 


berolinensis rossica 
nigra italica 
sargentil XX sargentil 

sargentii XX simonii 


berolinensis 


2.1-3.0, moderate 
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plantierensis 


berolinensis 


nigra plantierensis 


trichocarpa 


unidentified cottonwood 


we No — 


berolinensis 


plantierensis 


——o— 


X_ trichocarpa 
nigra baatanicorum vitrum X volga 
nigra betulifolia X trichocarpa 
petrowskyana X i 


plantierensis 





. Susceptibility of hybrid poplar clones to Dothichiza populea, based 
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of them were killed by that fungus within 
a year. On the shoots of the clones rated 
as slightly susceptible, the inoculation 
wounds had healed or had formed only 
small cankers with excessive callus. Defi- 
nite cankers around the inoculation wounds 
occurred on the stems of the remaining 
clones and in some cases girdled the stems 
before the infection by S$. musiva became 
serious. 

Of the remaining clones of other hy- 
brids, 39 were moderately susceptible and 
36 highly susceptible. Some of these trees 
also became slightly infected by Septoria 
mustva, but the results of the Dothichiza 
inoculations were sufficiently distinctive to 
permit a rating of susceptibility. On many 
of the cankers, pycnidia of D. populea were 
abundant and the cankers continued to 
develop during the second growing season. 
On the highly susceptible fastigiate trees 
with Populus charkoviensis as the female 
parent, the infection spread into the side 
branches during the second season. No 
natural infection, however, could be found 
in any trees in the experimental plot. 


Inoculations with Cenangium populneum. 

-In Voglino’s study of the relation be- 
tween Cenangium populneum and Dothi- 
chiza populea (1911), he reported that 
he inoculated wounds on trunks of 2-year- 
old poplars with a water suspension of the 
Cenangium spores. From one inoculation 
he obtained a small lesion with fruiting 
bodies resembling those of D. populea. His 
description is not exact enough to prove 
that his results were positive. 

In the present study, 1- and 2-year-old 
stems of 18 hybrid poplar clones in the 
plot at Cheshire, Conn., were inoculated 
in June 1953 with mycelium of the isolates 
of Cenangium populneum previously men- 
tioned. The method of inoculation was 
identical with that used in the Dothichiza 
inoculations. The clones were those that 
had proved to be susceptible to Dothichtza 
by inoculation, as follows: Populus nigra 
X P. laurifolia, P. nigra X P. trichocarpa, 


P. maximowiczu X P. berolinensis, P. 
maximowtczi X P. trichocarpa, P. charko- 
viensts X P. berolinensis, P. charkoviensts 
x P. caudina, P. charkoviensis X P. del- 
toides, P. charkoviensis X P. incrassata, P. 
charkoviensis X P. nigra plantierensis. 

The inoculated stems were examined 
after 1 and 2 years of growth, but no die- 
back or cankers were present. The inocu- 
lation wounds healed, and cultures from 
the wound tissue did not produce the Cen- 
angium. ‘These results indicated, there- 
fore, that C. populneum did not infect the 
bark and wood of the living tr2es. 
Natural infection by Dothichiza populea. 
On trees of hybrid clones in plantations at 
Williamstown, Mass., other than the one 
used for inoculations, a few Dothichiza 
cankers were present, particularly on trees 
of clones with Populus charkoviensis as 
the female parent. Infection caused 
girdling cankers on fastigiate branches or 
dieback of small lateral twigs. Cankers 
with smooth slightly raised bark developed 
around the bases of these twigs, but no ex- 
tensive injury to the larger stems or 
branches resulted. 

Young trees in plantations of selected 
clones of hybrids and species of poplars at 
Madison, Wis., and Rochester, Minn., 
showed slight infection, with branch cank- 
ers. In the plantings at Rochester, girdling 
cankers and dieback occurred on Populus 
nigra ttalica, P. deltoides, P. robusta, P. 
petrowskyana, P. tristis, P. charkoviensis, 
Volga poplar, and the hybrids P. charko- 
viensis X P. caudina, P. charkoviensis X 
P. deltoides, P. berolinensis X Northwest 
poplar, Russian poplar X P. tacamahaca, 
Pynidia usually were abundant on branches 
that had been killed back. From cankers 
without pycnidia, D. populea was isolated 
in culture. 


Discussion 


The wide host range of Dothichiza popu- 
lea, reported in American and European 
literature, and the results of the inocula- 
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tions in the present study, emphasize the 


susceptibility of species and hybrids of pop- 
lar in the ‘Tacamahaca and Aegieros 
groups. The degree of susceptibility varies 
among the clones of species and hybrids, 
and the resulting injury is somewhat de- 
pendent upon the type of growth of the 
trees. Fastigiate branches or small stems 
may be girdled and die back. Trees with 
numerous lateral twigs may develop small 
cankers at the base of such infected twigs. 
‘These cankers may develop perennially into 
large trunk cankers with conspicuous callus 
and exposed wood. 


In the inoculation experiments, made 
in July and August, no infection was evi- 
dent until the following spring, when the 
trees began to put out new growth. This de- 
lay in visible evidence of infection has been 
reported also by Schénhar (1955). This 
indicates that natural infection of twigs or 
branches may take place in the summer 
when the spores are discharged from the 
pycnidia, but the results of such infection 
will not be evident until the following 
growing season, 


In the United States, the disease has 
never been of sufficient importance to re- 
quire a detailed study of control measures. 
Occasionally a plantation may be severely 
attacked in a particular locality, but the 
disease in general continues only in a mild 
form with no serious injury. 


In Europe, however, Dothichiza popu- 
lea is considered to be one of the most 
dangerous parasites of poplar, especially of 
young or newly planted trees, or trees that 
have been weakened by other factors. Goi- 
danich (1940), in describing these factors, 
mentions low spring temperatures, trans- 
planting in the autumn, poor drainage, 
drought, wounding by pruning or by soil 
cultivation, and infertile soil. Although 
the disease seems to be endemic in the 
United States, the potentialities of the fun- 
gus as a parasite warrant particular care 
in the selection of disease-free stock for 
planting, and in providing the best possible 
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growing conditions for young plantation 
trees. 

So far as known, Dothichiza populea 
has only the one fruiting stage on branches 
and stems. No related fruiting stage has 
ever been observed on the leaves. Hedg- 
cock (1927) reported the artificial infec- 
tion of poplar leaves by spraying with a 
spore suspension. Schénhar (1953), how- 
ever, obtained negative results from inocu- 
lation of poplar leaves. 

The spread of the fungus, therefore, 
is by means of spores from the pycnidia 
on twigs or cankers. Rain, wind, and in- 
sects are probably the carriers. Pycnidia 
may be formed in abundance on cankers, 
dead twigs, or branches, and large masses 
of spores exude from the pycnidia. How- 
ever, on many small branch cankers and 
on slightly susceptible hosts, no pycnidia 
are produced and the presence of the causal 
organism is determined only by culturing 
the canker tissue. Apparently the fungus, 
in this country, rarely builds up inoculum 
in sufficient quantity for the disease to 
reach epidemic proportions under condi- 
tions favorable for its spread. 

Summary 

Dothichiza populea has been known in the 
United States since 1915 as a canker-pro- 
ducing parasite on young plantation trees 
of poplar, particularly Populus nigra italica. 
It occasionally causes extensive loss, but 
has not been found on natural growth of 
poplars in the forest. It infects a wide 
range of Populus species, especially those 
in the Tacamahaca and Aegieros groups. 
In Europe it is considered an important 
pathogen of poplars. Cankers are formed 
on branches or trunks, sometimes girdling 
the infected part and causing dieback. 
Pycnidia of D. populea occur on cankers 
or on dead twigs or branches. No other 
fruiting stage is known. 

Inoculations of 92 clones representing 
38 hybrid poplars, with black or balsam 
poplars and cottonwoods as parents, showed 
that 75 clones were moderately or highly 
suceptible. Cenangium populneum, which 





yn 
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has been reported in Europe as the perfect 
stage of Dothichiza populea, was inocu- 
lated into stems of selected clones, but no 
infection occurred. Cultures also failed to 
prove any relationship between the two 
fungi. In a plantation of selected clones 
of hybrids and species of poplar, branch 
and stem cankers from natural infection 
by D. populea were found on P. migra 
italica, P. deltoides, P. robusta, P. petrow- 
skyana, P. tristis, P. charkoviensis, Volga 
poplar, P. charkoviensis X P. caudma, and 
P. charkovtensis XK P. deltoides. 

The disease has not been sufficiently 
severe in the United States to warrant a 
detailed study of control measures. Be- 
cause of the possibility of infection among 
plantation trees, however, care should be 
taken to obtain disease-free stock for plant- 
ing, and to maintain the best possible grow- 
ing conditions in a plantation. 
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Studies of Regeneration in Forest Stands 
Devastated by the Spruce Budworm 


I, Evidence of Trends in Forest Succession During 


the First Decade Following Budworm Devastation. 


FoR MANY YEARs the problems presented 
by changes in forest composition following 
major disturbances such as cutting, fire, and 
insect outbreaks, have commanded the at- 
tention of foresters and forest entomolgists. 
It is a common observation that forest 
stands may change both in stocking and 
in species composition following such dis- 
turbances. These changes are of great 
theoretical interest since they cast consider- 
able light on the growth habits and com- 
petitive vigour of the various tree species 
entering the forest succession; they are at 
the same time of profound economic and 
social significance since they affect the 
nature and productivity of future wood- 
using industries in the devastated areas. 
Throughout the first half of this century, 
and during recent decades in particular, 
the spruce budworm, Choristoneura fumi- 
ferana Clem., has destroyed large tracts of 
spruce-balsam fir forest in northern and 
northeastern North America. Some ento- 
mologists have been inclined to attribute 
the severe outbreaks of recent decades to 
the selective cutting practices of the past, 
suggesting that these have favoured the de- 
velopment of large tracts of balsam fir, 
A bies balsamea (L.) Mill. Graham (1939) 
expressed this view in relation to the spruce 
budworm outbreaks that devastated the 
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spruce - balsam stands of eastern United 
States and Canada between 1909 and 
1920. Of these outbreaks he wrote: 

“All the available evidence appears to 
prove that this great series of outbreaks... 
arose as a result of the type of forest de- 
veloped in the infested region by a com- 
bination of unregulated, or improperly regu- 
lated, cutting operations, forest fires, and 
natural succession. These agencies produced 
a forest that contained a very high percent- 
age of balsam fir, the most suitable food tree 
of the spruce budworm.” 

From the work of Blais (1954) however, 
and from consideration of the nature of 
the Canadian boreal forest, it is probable 
that severe outbreaks of the spruce bud- 
worm have occurred in the Canadian forest 
for many centuries. As a conclusion to his 
evidence that a widespread and destruc- 
tive spruce budworm outbreak occurred in 
the latter half of the nineteenth century in 
the Sioux Lookout area of northwestern 
Ontario, Blais wrote: 
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“Since the forests in this area had never 
been subjected to exploitation, all changes 
in the forest composition and all related 
phenomena are entirely natural. Spruce 
budworm outbreaks therefore appear to be 
a phase in the natural cycle of events asso- 
ciated with the maturing of balsam fir.” 

The observations of Graham and Blais 
suggest that the extensive exploitation of 
valuable pines and hardwoods in the east 
may have produced, artificially, the same 
predominance of balsam fir that follows in 
the natural course of succession in the 
northern boreal forest. In any event it is 
now universally recognized that a large 
tract of mature balsam fir, however 
brought about, is the essential precondition 
for a severe outbreak of the spruce bud- 
worm. 

The widespread and repeated destruc- 
tion of spruce - balsam fir forests by the 
spruce budworm has prompted speculation 
on the role of this insect in forest succes- 
sion. Budworm outbreaks have destroyed 
many stands actually or potentially avail- 
able for utilization by the pulp and paper 
industry, and this industry has tended in 
the past to value mixed stands of spruce 
and balsam fir in relation to their content 
of spruce. Although this tendency has be- 
come less evident in recent years, specula- 
tion on the role of the spruce budworm in 
forest succession still centers on possible 
changes in the proportions of spruce and 
balsam fir in succeeding stands. “Spruce” 
in this context refers primarily to bud- 
worm — susceptible white spruce, Picea 
glauca (Moench) Voss, although the less- 
susceptible black spruce, P. mariana ( Mill.) 
B.S.P., often contributes substantially to 
the basal area of budworm-damaged stands 
and must be included in any discussion of 


post-budworm succession. 


An early theory held that since balsam 
fir was regularly the most heavily damaged 
component of mixed spruce - fir stands, it 
must logically decrease following a bud- 
worm outbreak. This theory was recorded 
by Craighead (1924): 


“ 


. we usually find after the first 100 to 


125 vears [after fire] considerably more 
balsam. Such conditions are ideal for a 
budworm epidemic which appears and de- 
strovs a much higher percentage of balsam 
than spruce. The older the stand the more 
severe and selective the balsam thinning. 
Spruce has much better recuperative powers 
both from natural suppression and from 
budworm defoliation, consequently a larger 
number of spruce fill the gaps left by the 
balsam. The intensity of this conversion 
to pure spruce varies directly with the 
original percentage of balsam as well as with 
the age of the stand. . . . It is therefore 
logical to assume that the budworm plays an 
important role in the rotation of these tre 
and in the conversion of mixed spruce-bal- 

sam stands into a pure spruce stand. 
It is true that mixed spruce-balsam stands 
would in time develop into purer stands due 
to the shorter life of balsam and its lesser 
ability to recover from suppression yet there 
can be little doubt that the budworm ac- 
celerates this process and is a fundamental 
factor in its accomplishment.” 

In the next decade the opposite theory 
began to emerge, as is evident in the fol- 
lowing quotation from Swaine (1933) in 
which he reports data provided by J. C. 
Veness of the Dominion Forest Service: 

“During the last generation, lumbering, 
fires and insect outbreaks have resulted in 
augmenting to an enormous degree the 
original quantities of balsam fir, and this 
tree will have a very prominent place in the 
pulpwood industry of coming generations. 

In the forests of New Brunswick, for 

example, one effect of the spruce budworm 

outbreak was to increase the percentage of 
balsam fir from about 50% in the old stand 


which was killed to 85% in the young crop 


” 


which is now growing up. 
After the lapse of a further eleven years, 
de Gryse (1944) expressed a view in di- 
rect contrast to Craighead on all important 
points. From his wording, it seems prob- 
able that de Gryse was directing his com- 
ments against just that sort of attractive 
hypothesis that Craighead had expressed: 
“Tt has been observed, over and over 
again, that after a budworm outbreak, the 
percentage of balsam in the new stand is 
considerably higher than it was in the old. 
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The extraordinary accumulation of debris 
on the surface, while seriously hampering 
spruce regeneration, seems to offer no 
obstacle to the rooting of balsam. Root 
competition and competition for light causes 
further reduction of spruce that may be- 
come temporarily established. Generally 
speaking, the predominance of balsam _ is 
such as to reduce the possibility of its re- 
placement by the residual spruce for several 
generations if not forever. Under absolutely 
normal conditions, it is conceivable that 
sooner or later—in some localities—a spruce 
climax might develop from such antecedents. 
When the spruce budworm, however, enters 
into the picture, all such hopes vanish. It is 
a conservative estimate—probably an under- 
statement—to say that, in many regions, any 
forest containing over 30% of balsam is 
more than likely to succumb to budworm at- 
tack upon reaching maturity. When this 
happens, not only the balsam but the greater 
part of the spruce associated with it will be 
killed and the forest will enter a new and 
more advanced stage in the succession to- 
wards a balsam climax.”’ 

It is apparent that unlike Craighead, de 
Gryse considered spruce to have a lower 
degree of shade tolerance than balsam, and 
to be in general a weaker competitor. It is 
also evident that in speaking of the ham- 
pering effect upon spruce regeneration of 
the “extraordinary accumulation of debris 
on the surface” after a budworm outbreak, 
de Gryse assumed that the seedlings that 
grow into the next crop of trees originate 
after a budworm outbreak, another point 
around which some difference of opinion 
has hinged. Regeneration surveys designed 
to determine simply the presence or absence 
of sufficient seedlings to replace the dev- 
astated stands have provided little reliable 
data to resolve these controversies. By the 
time such surveys are made, established but 
long-suppressed seedlings have profited 
from several years of released growth and 
give the impression of being vigorous, fast- 
growing seedlings of recent origin. It is 
clearly of more than academic interest to 
know whether the bulk of the seedlings 
that replace a devastated forest originate 
before, during, or immediately after a 
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spruce budworm outbreak, if we are to 
entertain the hope of someday managing 
our spruce-balsam forests so as to anticipate 
the spruce budworm. 

From the foregoing quotations it is evi- 
dent that there thas been a considerable 
need for data that would take the discus- 
sion out of the realm of speculation and 
place it upon a basis of observed events. In 
particular, there has been a need for data 
that might indicate whether there is any- 
thing inherently more favorable to balsam 
succession in a budworm disturbance than 
there is in a similarly catastrophic disturb- 
ance by fire or cutting. For these reasons, 
a series of investigations of tree regenera- 
tion in budworm devastated areas was ini- 
tiated by the Forest Insect Laboratory in 
the late 1940’s, in the hope that some of 
these problems might be clarified. Several 
brief accounts of the early development of 
these investigations (Prebble, 1948, 1949) 
have already appeared. 

The Forest Insect Laboratory in Sault 
Ste. Marie, Ontario, maintains field sta- 
tions in three areas of heavy budworm 
damage: at Laniel in the province of 
Quebec adjacent to the northeastern 
boundary of Ontario (47° 03’ N., 79° 
16° W.); at Black Sturgeon Lake in 
north-central Ontario north of Lake Su- 
perior 49° 18’ N., 88° 52° W.); and at 
Cedar Lake in northwestern Ontario (50 
11’ N., 93° 12° W.). By the late 1940's, 
forest stands in these areas had been or 
were being destroyed by the spruce bud- 
worm. At Cedar Lake and at Black Stur- 
geon Lake the spruce budworm popula- 
tions probably reached outbreak propor- 
tions by 1939 or 1940. At Black Sturgeon 
Lake the population was at its peak be- 
tween 1945 and 1947, but dropped 
abruptly in 1948 and 1949. By this time 
the area of heavy defoliation extended 
roughly 160 miles from east to west and 
100 to 120 miles from north to south, 
completely surrounding Lake Nipigon 
(Belyea, 1952). At Cedar Lake high 


populations of budworm have continued to 





n 
f 


f 


the present time. In comparison with the 
Black Sturgeon outbreak, mortality of bal- 
sam fir at Cedar Lake has come about 
through more prolonged exposure to less 
intense defoliation. In this way the Cedar 
Lake outbreak has lagged several years 
behind the Black Sturgeon outbreak in the 
history of mortality and breakup of over- 
story balsam fir, although balsam mortality 
is now virtually complete on the regenera- 
tion plots in both areas. By 1952 the Ce- 
dar Lake outbreak had extended over an 
area roughly 180 miles from east to west, 
and from 100 to 140 miles from north to 
south (Blais, 1954). Continued defoliation 
during recent years has considerably ex- 
tended this area, principally to the south 
and southeast (Sippell et a/., 1953, 1954, 
1955). The budworm outbreak in the 
Laniel-Timagami area preceded the Ce- 
dar Lake and Black Sturgeon Lake out- 
breaks by at least two years. Although 
there was considerable variation from 
place to place, possibly because of the scat- 
tered nature of balsam fir stands in this 
area, the spruce budworm was present in 
the area at least as early as 1937 (C. E. 
Atwood, personal communication ), reached 
its peak during 1941 and 1942 (Brown, 
1941, 1942), and had largely subsided as 
an outbreak population by 1947 (Mac- 
donald and Prebble, 1947). 

Between 1948 and 1950, regeneration 
studies were initiated in these three areas. 
These studies have proceeded along the 
following lines: . 

(a) The establishment of permanent sample 

plots on which successional development 

following spruce budworm devastation could 

be followed through periodic re-examina- 
tions. Soil and site description studies were 
conducted at the time the plots were estab- 
lished. 
(b) Immediate study of existing regenera- 
tion to determine its age and height-growth 
relations with respect to budworm outbreaks. 
(c) A re-tally of the regeneration plots 
during the 1955 field season to provide a 
check on any short-term trends that might 
have developed in the forest succession. 
(d) Studies of the influence of quadrat size 


on the apparent distribution of seedlings, 
and on the accuracy of population estimates 
obtained from the sampling procedures 
adopted, conducted in order to facilitate the 
evaluation and interpretation of the main 
body of data obtained in the study, 

Data gathered during these studies will 
be presented in a series of three contribu- 
tions, the first of which is the present paper. 
In this first paper, which serves to introduce 
the series, data on site description, vegeta- 
tion, stand composition, and the numerical 
and relative abundance of balsam fir and 
spruce seedlings, are presented. ‘This paper 
is directed towards the first of the major 
objectiv es of the project, the comparison of 
the ratio of spruce and balsam fir in the 
devastated stands and in the new stand 
that follows. 

A second contribution will deal with the 
second of the major objectiv es of the proj- 
ect, the age and origin of the regeneration 
in relation to the spruce budworm infesta- 
tion. This paper will present data on the 
age and height-growth of balsam fir seed- 
lings, and related studies on seed supply in 
the overstory and damage to the regenera- 
tion by the spruce budworm. These studies 
were conducted most intensively at the 
Black Sturgeon Lake Field Station. 

A third paper planned as an outcome of 
these studies will treat the statistical as- 
pects of sampling populations of balsam fir 
and spruce seedlings. This will include 
consideration of the accuracy of the esti- 
mate of seedling numbers per acre in re- 
lation to sample size, the influence of quad- 
rat size on the apparent distribution of the 
seedlings, and the relation between per 
cent stocking and number of seedlings per 
acre as measured on milacre quadrats. 
While a discussion of sampling technique 
might logically precede the results present- 
ed in the first two papers in the series, the 
material available for the third paper is of a 
sufficiently fundamental nature that it re- 
quires a more elaborate expansion than 
would be appropriate to a simple description 
of the sampling procedures employed. 

From the nature of the study it will be 
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many years before final conclusions can be 
drawn concerning changes in the study 
areas. It is anticipated that data arising 


from future re-examinations of the regen- 
eration plots may justify the publication of 
brief accounts summarizing whatever 
trends may develop, particularly with ref- 
erence to declining numbers of stems as nat- 
ural thinning progresses and to the relative 
mortality of presently established spruce 
and balsam fir seedlings. 

‘The present paper represents the work of 
a considerable number of people, and it is 
possible to indicate in detail the contribu- 
tion of only a few of these. The project 
was initiated under the guidance of M. L. 
Prebble in 1948. Soil and site description 
studies were conducted by D. A. Fraser, 
who was also responsible for the selection 
of study areas and for part of the earlier 
analysis of regeneration data. J. B. Thomas 
established the regeneration plots at Laniel, 
and conducted studies of sampling intensity 
which guided the work in the Black Stur- 
geon and Cedar Lake areas. Regeneration 
plots at Black Sturgeon Lake were estab- 
lished by E. B. Ayer, while those at Cedar 
Lake were established by Zs R. Rooke, who 
also conducted studies of quadrat size in 
relation to the apparent distributions of 
tree seedlings. A. W. Ghent has been 
responsible for the 1955 re-tally of the 
three study areas, for studies of the age and 
height-growth of seedlings, for the analysis 
and assessment of the data, and for the final 
revision of the present manuscript. 


Methods 


Study plots were selected to give a repre- 
sentative cross-section of sites on which 
forest stands of high balsam fir content had 
been damaged by the spruce budworm. 
The uniformity of soil conditions through- 
out each plot was checked with a soil auger, 
and a soil pit was excavated at a point out- 
side each plot where the auger survey indi- 
cated conditions to be representative. The 
three-digit classification of site proposed by 
Hills (1945, 1952) and discussed by 
Fraser (1954), which evaluates the site 
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properties of ecoclimate, moisture regime, 
and pore pattern or permeability, was 
adopted to describe site conditions on the 
study plots. 

Rectangular study plots averaging one 
acre in area were established in uniform 
forest stands. Each plot was divided into 
chain-square (tenth-acre) blocks, the over- 
all dimensions of the plots being some 
combination of simple multiples of chains, 
such as 2&5, 3X3, or 3X4, depending 
in some instances on the limitations imposed 
by the shape of the particular forest stand. 
Several plots as small as 22 chains, and 
one as large as 4X4 chains, were used in 
special cases. 

The milacre quadrat was adopted as the 
basic sampling unit for seedling counts. 
Studies of sampling accuracy indicated 
that a 10 percent sample, or ten milacre 
quadrats per tenth-acre block, reduced the 
standard error of the population estimate to 
within +15 percent of the mean in most 
instances. Milacre quadrats were located 
at random, following a procedure which 
gave a stratified-random sample in which 
each tenth-acre block was restricted to the 
reception of 10 milacre quadrats. This 
procedure ensured that a 10 percent sample 
was obtained from each tenth-acre block, 
as well as from the plot as a whole. The 
milacre quadrat locations were predeter- 
mined on grid-paper maps of the plots, the 
co-ordinates of the milacres being assigned 
from two-digit random tables. No restric- 
tion was placed on random clumping of 
the milacre quadrats within or along ad- 
jacent edges of the tenth-acre blocks. 

Figure 1| illustrates a typical plot layout 
resulting from the foregoing procedure. 
The distribution of milacre quadrats shown 
in this figure is characteristic of the study 
plots. Numbers from one to ten within the 
milacres indicate the order in which the 
locations of the quadrats were assigned 
from the random tables, a numbering sys- 
tem which was retained throughout the 
field work. The extent of clumping of 
milacre quadrats shown in this figure repre- 
sents a slight and non-significant reduction 








in 
pr 
str 


in clumping from that predicted by the ap- 
propriate binomial calculations for an un- 
stratified random sample. 

A common practice in forest tree regen- 
eration surveys on disturbed sites is to clas- 
sify the regeneration either as advanced 
crowth or as seedlings, in so far as the seed- 
lings appear to have originated before or 
after some disturbance such as fire or cut- 
ting. It is certainly questionable if any 
real accuracy can be obtained with such a 
classification in the time that can be devoted 
to each seedling encountered in a regen- 
eration survey, and this method of classi- 
fying regeneration has been criticized for 
this reason by Hosie (1953). Since the 
determination of the relative incidence of 
seedlings originating before and after 
spruce budworm devastation was a major 
consideration in the initiation of this study, 
the assumption of ability to make this dis- 
tinction without critical examination § of 
each seedling was clearly inappropriate. To 
facilitate such studies of the age relations 
of seedlings, a system of ten height classes 
was adopted, in which the seedlings were 
tallied by 6-inch height classes between 
ground level and 18 inches, and by one 
foot height classes from 2 feet to & feet. 
This procedure permitted the later deter- 
mination of seedling age distribution by 
height class and facilitated the task of ana- 
lyzing the growth of regeneration between 
the 1950 and 1955 plot inspections. ‘The 
very small proportion of the regeneration 
greater than 8 feet in height invariably had 
a measurable breast-height diameter, so 
that this division point between height and 
diameter classes was well chosen. A light 
pole on which the successive height classes 
were marked was carried in the field, so 
that each seedling encountered on the 
quadrats could be accurately assigned to 
its proper height class. 

Site, Vegetation, and 

General Topography 

The soil in the three study areas is com- 
paratively shallow, and immediately under- 
lain by Precambrian bedrock, reflecting the 








Figure 1. Diagram of 29/10 acre regenera- 
tion plot, typical of those established in this 
study. The distribution of milacre quadrats 


is characteristic of that obtained with the 
stratified-random method used in this study 


to determine quadrat locations. 


glaciation of Ontario within recent times. 
Small areas of exposed bedrock occur on 
some of the study plots. The uneven na- 
ture of this bedrock topography contributes 
to the complexity and distribution of the 
glacial drift. Thus the parent material of 
the soils may have diverse fabric, texture, 
and structure, factors that greatly influence 
the porosity, water-holding capacity, and 
nutrient levels of the soils, which are, in 
turn, reflected in the site quality. 
Vegetation and site data for the 26 study 
plots are summarized in Table 1. The 
3-digit site rating (Hills, 1952) indicates 
in order the values assigned to ecoclimate, 
moisture regime, and pore pattern. For 
space considerations, potential plant indi- 
cators have been assigned alphabetic sym- 
bols to which a key is o1V en at the bottom 
of the table. 
indicate the number of stems greater 
than | inch in diameter. ‘Total basal area 


Data on “trees per acre” 


of all tree species is given as a measure of 
the relative productivity of the various sites. 
The relative consequence of each of the 
tree species in the 26 forest stands is indi- 
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Potential plant indicators listed by alphabetic symbols in Table 


Continued. 
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TABLE 


cated by the data on the percentage of 
total basal area contributed by each species. 
For balsam fir, the percentage of total basal 
area dead at the time of the 1950 and the 


Michx. 


escens Raf. 
roseus 













wy 1955 seedling tallies is also given. To some 
: extent the picture given by the basal area 
ag data in Table 1 is a reconstruction, since 
3 mortality of budworm host trees was al- 


ready advanced at the time some of the 
5 plots were established. A key to the collo- 
F 


m quial names corresponding to the tree sym- 

bols used in the column headings is given 

z at the foot of the table. Finally, the number 

- . of balsam fir seedlings per acre between 

: RN ground level and 8 feet is given along with 
~ #2a|3 the standard error of the estimate. 

F ie Typical examples of the different soils 





found in the three study areas are given in 
Table 2. These descriptions include tex- 


Scientific Name* 


Linnaea borealis L. 





tural analysis of the soil, a description of the 
S$) 3/5 soil profile, the pH of each horizon, and a 
s|- summary of the site characteristics. “The 


bol 














ae) secre eee four plots included in Table 2 are discussed 
Re = sd separately in the following sections treating 
2 te the vegetation and sites found in the three 
ie study areas. 
3 oa 8/2 Laniel, Quebec. This study area was cen- 
_ ££ £2 Z tered around Laniel on Lake Kipawa, but 
len Ss 2 included plots near the Little Jocko River, 
z Aes ; a 2 Ontario, 35 miles to the south, and one 
eee Ls “lSleg plot at Timagami, Ontario, 26 miles to 
| 5 .. 3|sis° the west. The Laniel district, 200 miles 
S/38 S Zleilez up the Ottawa River from the city of 
Swe oe =" Ottawa, Ontario, lies on the northernmost 
* Z| z|. fringe of Halliday’s (1937) L4 Algon- 
B | cee nae S| 2 quin-Laurentides section of the Great Lake- 
é ’ St. Lawrence forest region. Halliday de- 
scribes this area as follows: 
5 = the bedrock is part of the great 
oe Precambrian Shield of Canada, and con- 
a ee sists largely of crystalline limestones, schists, 
‘est 23 and gneisses of the altered sedimentaries 
‘ 3 33 and granite intrusives. The topography is 
Z = 2 rough and irregular, and glacial deposits of 
e | . = varied character, chiefly of a light texture, 
5 > 2 cover the greater part. In addition there 
3 5 2 are some lacustrine deposits from the Nipis- 
‘ sing- Great Lakes and Algonquin peri- 
Sec = GWG; «2:3 
e§ aes Ow | <a6 . . « « In this section, white pine (Pinus 
7S | | strobus L.) probably reached its maximum 
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TABLE 2. Soil Profile Descriptions of Representative Study Plots. 


Horizon Thickness 


Color 


pH 


volume 
Clay 


Percent by 


Sand Silt 


Col. Clay 


Plot A-1, Laniel; Ecoclimate 2; Moisture Regime 1; Pore Pattern 4. 
Aoo 0-1” brown 4.6 
Ao 1-2” black 4.6 
As 214-6" ashy gray 4.2 59 35 3 3 
Ag 6-8” gray-brown 4.8 57 38 2 3 
By 8-14” chocolate brown 5.0 62 33 2 3 
Bs 14-18” brown-gray 5.0 87 11 1 1 
C, 18-25” = gray 5.9 82 15 1 2 
D Bedrock 

Plot A-5, Laniel; Ecoclimate 3; Moisture Regime 1; Pore Pattern 0. 
Aoo 0-1” dark brown 4.4 
Ao 1-3” dark brown 4.3 
Ao 3-5” ashy gray 4.0 74 22 2 2 
Bo 5-9” chocolate brown 4.4 86 13 0) 1 
Bg 9-15” light brown-vellow 4.9 74 23 2 I 
ts 15-30”  vellow gray 4.3 93 6 1 0) 
D, 30-35” gray 4.3 94 ¢ 1 0 


L 


Plot B-5 (A-H 


), Black Sturgeon; Ecoclimate 3; Moisture Regime 3; Pore Pattern 4. 


Avo 0-114” dark brown 5.6 

Ao 1Y%-2%" dark brown 5.9 

Ay 21-3” medium brown 5.9 

Ao 3-3” medium gray 7 67 28 2 3 

By 314-6" light brown 5.6 82 14 trace + 

Bo 6-12” chocolate brown Dai 87 10 0) 4 

38 12-19” vellow brown 5.9 94 + trace 2 

be 19-25” yellow brown 6.7 96 3 trace 1 

i 25-40” vellow brown 6.8 97 1 1 1 

D, 40-50” medium gray 6.3 25 38 13 24 

D, 50-72” light gray 8.3 15 37 16 32 

D. 72. pray 8.2 94 4 ! I 
Plot C-3, Cedar Lake: Ecoclimate 3; Moisture Regime 3; Pore Pattern 0. 

Ooo 0-14” light brown 

Ao 114-31” chocolate brown 4.3 

\, 31 5-4" black 

\o 4-9” gray 5.1 20 23 4 53 

Bo 9-21” medium brown 6.1 13 22 6 59 

Bo 21-33” medium brown 6.7 17 16 4 62 

Bs 33-46" gray-brown oar 15 26 10 7 

. 46-63 brown-gray 8.6 16 38 16 30 

G 63-76 mottled gray 8.8 16 55 6 23 


development in Canada. 


Red pine 


f.), hemlock (Tsuga canadensis (L.) Carr.), 
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(Pinus resinosa Ait.) has also been a promi- 
nent species. In spite of the previous 


dominance of these s 


pecies and the presence 
of intrusive conifers from the Boreal Forest 
Regions, the general character is that of a 
mixed forest and the dominant . associa 
tion is one of sugar maple (Acer saccharum 


Marsh.), yellow birch (Betula lutea Michx. 
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and white pine. In addition there are vary- 
ing amounts of basswood (Tilia americana 
L.), white spruce, balsam fir, beech (Fagus 
grandifolia FEhrh.) (Northern) red oak 
(Quercus rubra L. var. borealis (Michx.f.), 
elm (U/mus americana L.), white ash (Frax- 
inus americana \..), red maple (Acer rubrum 
L.), ironwood (Carpius caroliniana Walt.), 


ry- 
ina 
gus 
oak 
F, 
‘ax- 
‘um 


e}, 


white birch (Betula papyrifera Marsh.), and 

large-toothed aspen (Populus grandidentata 

Michx.).” 

Two different types of site were studied 
in the Laniel region. Plots A-1, A-2, A-3, 
and A-7 were located on loamy sandy till, 
and plots A-4, A-5, and A-6 on outwash 
sand. In Table 2, the soil profile of plot 
A-1 is described as an example of the till 
plots, and that of plot A-5 as an example 
of the plots on outwash sand. The soil of 
plot A-1 was derived from a stony sandy till 
that covered granitic bedrock to a depth 
ranging from 6 inches to 3 feet. Over 50 
percent of the volume of the mineral soil 
was found to be made up of particles greater 
than one-tenth of an inch in diameter. 
Although the coarse sand constituents facili- 
tated rapid internal drainage, the silt con- 
tent retained sufficient available water for 
plant growth. Moreover, the proximity 
of the bedrock to the surface prevented the 
gravitational water from draining away too 
rapidly, 

The soil on plot A-5 has a very high 
proportion of coarse sand except for a few 
areas with silt, probably of loess origin, in 
the Az layer. Excessive drainage, indicated 
by a moisture regime of index | and a pore 
pattern of index 0), has facilitated the for- 
mation of an extremely well-developed Az 
horizon and a comparatively shallow B 
horizon. In this plot the excessive aridity 
of the upper horizons was conducive to the 
rapid establishment and dense growth of 
raspberry (Rubus idaeus L.) following tree 
mortality after the budworm infeStation. 
This plant now constitutes the chief com- 
petitor to tree seedlings. 

Balsam fir in the Laniel region is not 
very abundant, but it occurs in pockets 
where the water supply is adequate. From 
24 to 86 percent of the basal area of the 
Laniel plots was balsam fir, with the 
higher percentages occurring on the water- 
washed sand sites. On these sand sites 
balsam fir suffered uniformly high mortality 
due to budworm defoliation. The greatest 
productivity in terms of total basal area and 
total stem numbers was recorded on plot 


A-2, where the soil was composed of a 
sandy loam with adequate moisture and a 
warm ecoclimate. “Productivity” in these 
terms is not necessarily synonymous with 
its meaning in forest industry, for it is 
noteworthy that the average diameter of 
trees on plot A-2, which tay be calcu- 
lated from the data in columns 4 and 5 of 
Table 1, was only 3.3 inches, while the 
average diameter of trees on plot A-4, 
lowest of the Laniel plots in stem numbers 
and basal area, was 5.1 inches. Having 
regard for possible differences in stand 
development and the observed differences 
in species composition, however, it is prob- 
ably safe to conclude that the outwash sands 
have a lower productive capacity than the 
toamy tills. White birch and white pine, 
for example, while present on all plots, 
were both notably more abundant on the 
till plots, A-1, A-2, A-3, and A-7. White 
cedar, Thuja occidentalis L., was of conse- 
quence only on plot A-7 where the soil was 
less acid and contained almost 50 percent 
silt by volume, the highest proportion of 
silt measured on the Laniel plots. 

Balsam fir seedlings were found to be 
substantially more abundant on the till 
plots than they were on the coarse sands at 
the time of the 1950 tally, a differential 
that was maintained in the reduced num- 
bers of seedlings found during the 1955 
tally. The most striking characteristic in 
the soil profiles on the water-washed sands 
is the well-developed sterile Az horizon, 
and it is therefore tempting to generalize 
that such sterile surface horizons must have 
a detrimental influence upon the abundance 
of balsam fir seedlings. In the previous 
paragraph we noted, however, that in the 
original stands which supported the bud- 
worm outbreak, balsam fir contributed the 
greatest proportion to the basal area ot 
stands on the sand sites. This, then, pre- 
sents an anomalous situation, since these 
original satnds became established on what 
must have been essentially the same soil 
profiles. The answer to the problem may 
lie in the early history of the budworm out- 
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break at Laniel. Another field party, work- 
ing in the same stands where the sand 
plots were later established, found that the 
mortality of overstory balsam fir was al- 
ready well advanced as early as 1947, and 
that the ground had become dominated by 
an almost impenetrable growth of raspberry 
at that time (H. M. Thomson, personal 
communication). It seems likely, there- 
fore, that the 1950 tally of the sand plots 
is an inadequate representation of the seed- 
ling population before budworm disturb- 
ance, and that it would be unwise to gen- 
eralize correlations between seedling abun- 
dance and site conditions from these data. 


Black Sturgeon Lake, Ontario. ‘This study 
area was centered around the 12-mile 
length of Black Sturgeon Lake, 70 miles 
northeast of Port Arthur, Ontario. One 
plot, B-11, was established on the Sibley 
Park peninsula 20 miles east of Port 
Arthur. This district lies in Halliday’s 
(1937) B.9 Superior Section of the Boreal 
Forest Region. Halliday describes this sec- 
tion as follows: 

om Terraces and other lacustrine deposits 
from glacial Lake Algonquin and its prede- 
cessors are common in these valleys and on 
the southward-facing slopes, bordering the 
lake. Glacial deposits cover most of the 
ground, but much exposed rock is present— 
a condition greatly strengthened by the 
severe burning to which this section has been 
subjected. 

The geologic structure consists of Pre- 
cambrian granites with areas of late Precam- 
brian iron slates, sandstones, and conglom- 
erates, with block-faulting and diabase in- 
trusion. 

The presence of white spruce associations 
with some balsam fir, balsam poplar (Popu- 
lus balsamifera L.), and white birch, espe- 
cially on the river terraces, is possibly a 
characteristic feature of the section. . .. On 
slopes and lower hill-tops, where heavier 
glacial deposits can be found, mixed associa- 
tions of black spruce, white birch, white 
spruce, and some aspen and balsam fir are 
common. Lower and poorly drained 
positions support black spruce and tamarack 
(Larix laricina (Du Roi) K. Koch) with a 


scattering of Eastern white cedar... .” 
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Soil investigations in the Black Sturgeon 
Lake district indicate that a large, short- 
lived glacial lake occupied this valley, and 
that its waters extended several miles west- 
ward. Substantiating evidence includes a 
widespread uniform stratum of silt loam 
about 3 feet in thickness lying under sev- 
eral feet of water-washed sand. This layer 
of silt loam serves as a source of nutrients, 
and is sufficiently close to the surface to 
prevent a too-rapid drainage of gravita- 
tional water from the overlying sand. Plots 
B-1, B-3, B-5 (A-H), B-5 (I-T), and 
B-10 are located on this type of site. 

This sand-over-silt arrangement is evi- 
dent in the soil profile of plot B-5 (A-H), 
given in the third section of Table 2, in 
which the demarcation between the two 
depositions is obvious at the 40-inch level. 
The high silt loam and clay content of the 
deeper layer is shown in the textural analysis 
of the D1 horizon (40 to 72 inches). The 
D; layer is underlain by a sandy Dz stra- 
tum. Most of the tree roots were within 
the upper 18 inches, although some ex- 
tended to a depth of 3 feet. This type of 
site appears to be the most consistently 
productive of those measured in the Black 
Sturgeon area. The superiority of this site 
can be demonstrated in a simple test of 
rank correlation. If the basal area figures 
for the 13 plots be assigned ranks from | to 
13, plots B-10, B-3, B-5 (I-T), B-1, and 
B-5 (A-H) attain the ranks 1, 2, 4, 5, 
and 8 respectively, giving a rank total of 
20. Of the 1,287 unique combinations of 
5 ranks which may be taken from a total 
of 13, only 18 give a total as low or lower 
than 20). The superiority of this site there- 
fore achieves a significance of 18/1287, 
which lies between the one and two percent 
levels. The basal area of trees on the five 
plots on this type of site averaged 210) 
square feet per acre, while the basal area 
of trees on the eight plots on other sites 
in the area averaged only 143 square feet 
per acre. Free calcium from the silt layer 
produced a high pH on plots B-5 (A-H, 
B-5 (I-T), and B-10, and thus favoured 


the establishment of alkaliphilous white 
cedar. 

The forest stands studied in the Black 
Sturgeon Lake area represent various stages 
of boreal forest succession tending towards 
a more or less stable climax association of 
balsam fir and white spruce. Plot B-3 
represents a typical pioneer stage, with 
shade-intolerant aspen constituting 53 per- 
cent of the total basal area, while the toler- 
ant species, balsam fir, white spruce, and 
black spruce, together comprised only 43 
percent of the basal area. Plots B-9 and 
B-11 have a comparable proportion of 
intolerant hardwoods, although the lighter, 
sandy soils on these plots have favoured the 
predominance of white birch. Aspen occurs 
characteristically as a pioneer species on the 
heavier soils in this area, such as those of 
plots B-1 and B-3. 

Of the Black Sturgeon Lake plots, only 
plot B-12 is notable for its low numbers 
of balsam fir seedlings. This plot was situ- 
ated at a point very close to the center of 
the Lake Nipigon budworm infestation, on 
an outwash sand similar in profile develop- 
ment to plots A-4, A-5 and A-6 at Laniel. 
Plot B-12 has also been heavily overgrown 
with raspberry since the time of its estab- 
lishment in 1949, so that, with a similar 
history of advanced overstory mortality be- 
fore the first regeneration tallies on the plot, 
it is again questionable if relations between 
profile development and seedling abundance 
can be inferred without reservation. In 
this connection it is noteworthy that plot 
B-12 ranked third among the Black Stur- 
geon plots in productivity as measured by 
total basal area before budworm disturb- 
ance. Since 89 percent of the original 221 
square feet of basal area was balsam fir, it 
is apparent that the stand destroy ed by the 
spruce budworm on this site originated 
from a substantial crop of balsam fir seed- 
lings that established themselves on essen- 
tially the same profile at that earlier time. 
Cedar Lake, Ontario. This study area was 
centered around the Cedar Lake-Lac Seul 
district which lies 90 miles to the north- 


east of Kenora in northwestern Ontario. 
This district lies in Halliday’s (1937) B.11 
Western Transition Section of the Boreal 
Forest Region, with more typical boreal 
forest to the north, and with the Great 
Lakes-St. Lawrence forest to the south, 
Halliday describes this section as follows: 

. . . The main body of the forest cover 

‘ consists of associations of jack pine 

(Pinus Banksiana Lamb.) with black spruce 

and mixtures of white and_ black spruce, 

white birch, aspen and some balsam fir, 
where the deeper soil deposits are found. 

Swampy depressions contain black spruce, 

but tamarack is not very abundant... . 

The section .... has a rough and rolling 
topography with very numerous lakes. Hav- 
ing been strongly glaciated and also not 
influenced by glacial Lake Agassiz, the soils 
are generally thin, with occasional morani: 
ridges and much exposure of the underlying 
rocks of the Precambrian Shield.” 

Five of the six plots in the Cedar Lake 
district were located on heavy soils. The 
one exception, plot C-4, was established on 
a sandy till comparable to similar sites at 
Laniel and at Black Sturgeon Lake. The 
soil profile of the plot C-3, typical of the 
heavier soils at Cedar Lake, is given in 
the fourth section of Table 2. The silt 
content of these heavier soils tends to in- 
crease with increasing depth, so that good 
regional drainage is facilitated. ‘The varved 
clays of this area are usually underlain by 
a sandy till at the eight-foot depth. The 
soil is alkaline in its reaction, and the 
presence of free carbonates at a depth of 
about 40 inches was detected by the dilute 
hydrochloric acid test. The water table is 
usually about 5 feet below the surface. Root 
penetration is largely limited to the upper 
18 inches, although the occasional deep 
root may extend to a depth of 3 feet. 

The sandy soil of plot C-4 had the 
lowest productivity in terms of total basal 
area of the sites sampled in the Cedar 
Lake area. This site was also notable, 
however, for having the largest number of 
balsam seedlings per acre, so that the pro- 
ductivity of this site may appear to be sub- 
stantially better when the next stand is 
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mature. Plot C-3, on a 3:3:6 site, with a 
total basal area of 174 square feet per acre, 
was the most productive of the six plots. 
Forest stands in the Cedar Lake area had a 
much greater proportion of jack pine, and 
an appreciably lower content of balsam fir, 
than stands on similar sites at Black Stur- 
geon Lake or at Laniel. This is probably 
a result of the more arid climate which 
Chapman (1953) has shown to prevail in 
this part of northern Ontario. It may be 
that balsam fir becomes of greater conse- 
quence in this area as the pioneer jack pine 
deteriorates in stands undisturbed by fire, 
logging, or insect damage. 


Mortality in Relation to the 
Percentage of Balsam Fir 


Inspection of columns six, seven, and eight 
of Table 1 will reveal that, in general, the 
mortality of balsam fir tends to be high 
when the percentage of total basal area 
contributed by balsam fir is high, and to be 
lower when this percentage is low. This 
relationship has been analyzed and dis- 
cussed at length by Turner (1952) for 
data collected in the Algoma forest area 
of Ontario. Turner concluded that balsam 
fir mortality was related to the percentage 
of balsam fir in the stand, and to the actual 
basal area of balsam considered independ- 
Data collected in 
the present study afford an opportunity to 


ently of other species. 
assess the generality of Turner’s conclu- 
sions. 

Recent developments in the field of non- 
parametric correlation _ statistics provide 
methods of analysis better suited to the 
treatment of percentage data than the con- 
ventional normal curve statistics. Non- 
parametric correlation methods are espe- 
cially to be preferred with data as grossly 
skewed as the percentage mortality data 
in this study. Kendall’s (1955) “tau” 
statistic provides a method of rank correla- 
tion involving no assumptions as to the 
form of the distribution, and is therefore 
well suited to the analysis of these data. 
The “tau” 


statistic is a correlation 


coefficient similar to the familiar ‘“‘rho” 
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or rx.y coefficient, and has the same 
range from +1 to —1. In general, the 
calculation of “tau” yields a more con- 
servative value for the same data than the 
calculation of “rho.” “Tau” has been used 
to some extent in psychological research, in 
which field the desirability of non-para- 
metric statistics arises from problems of 
distribution similar to those encountered in 
field ecology. 

Results obtained with this statistic are 
presented in Table 3. Ranks assigned to 
the percentage of total basal area data have 
been arranged in the natural order 1, 2, 3, 
..., throughout the six tests, and below 
these the ranks assigned to the mortality 
data from the corresponding study plots 
fall as they will. Thus the Laniel plots 
appear in the order A-3, A-1, A-7, A-2, 
A-5, A-4, and A-6, a ranking order from 
the lowest to the highest percentage of 
balsam fir that may be readily confirmed 
from inspection of column six, Table 1. In 
Table 3, ties in rank are indicated either by 
the repetition of a digit when an odd num- 
ber of ranks are tied, or by the use of the 
fraction one-half when an even number of 
ranks are tied. 

All six tests yield a positive value for the 
correlation coefficient, and for the Laniel 
and Black Surgeon Lake data these values 
are substantial and strongly significant. 
Probability values were calculated — by 
means of the normal approximation, the 
assumption of normality being made for the 
distribution of the test statistic, and not for 
the original data. Although the correla- 
tion coefficients for the Black Sturgeon 
Lake data are smaller than those for Laniel, 
the greater number of plots upon which 
the Black Sturgeon Lake values are based 
give to these values an appreciably greater 
significance. The 1950 data for Cedar 
Lake would be compatible with a hypothe- 
sis of independence of the two variables. 
Agreement between the rankings in 1955 
is more satisfactory however, four of the 
five plots falling in exactly the correct or- 
der. The low number of plots at Cedar 
Lake makes any analysis of these data un- 


TABLE 3. Kendalls “taw? statistic as a measure of the correlation between 
ranked values of balsam fir mortality and the percent of total basal area contrib- 


uted by balsam fir. 


Study 
Area Year 
Laniel 1950 % Fb l 2 3 + 5 6 
% Mort. l 2 + 3 6 6 
1955 9% Fb l 2 3 + 5 6 
% Mort. 1 3 + 2 sy 5! 
Black 1950 % Fb 1 2 3 «414 44 6 
Sturgeon % Mort. § l + 3 8 7 
Lake 
1955 9% Fb 1 2 3 4% 4&&% 6 
% Mort. 8 2 + 5% 1 3 
Cedar 1950 % Fb ] 2 3 + 5 6 
Lake % Mort. 1 5 4 3 & 4 
1955 % Fb 1 2 3 4 5 
Yo Mort. 2 3 + 5 1 


1Probability values for the significance of “tau” 


reliable, and these figures are offered only 
for comparison. 

Turner’s (1952) conclusion that mor- 
tality increases with increasing percentage 
of balsam fir is substantiated by the Laniel 
and Black Sturgeon Lake data. It is per- 
haps to be expected that mortality should 
be strongly correlated with the percentage 
of total basal area contributed by balsam 
fir, for if, as Blais (1952) and Bess 
(1946) have shown, an exposed, flowering 
balsam fir tree is more liable to severe de- 
foliation, it follows that in a stand where 
nearly the entire basal area is contributed 
by balsam fir, most balsam trees will of 
necessity be exposed, and defoliation and 
mortality will be severe. Conversely, in a 
stand where only a small proportion of the 
total basal area is contributed by balsam, 
these trees will in all likelihood be sur- 
rounded and perhaps overtopped by trees 
not susceptible to budworm attack. 

Turner found that he was able to con- 
duct a satisfactory analysis using the actual 
basal area of balsam fir, considered inde- 
pendently of its relation to the basal area of 
other species in the stand. Attempts to 
correlate the actual basal area of balsam fir 
and percent mortality with the “tau” sta- 
tistic failed to produce significant correla- 
tion coefficients, although again all six co- 
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calcula 


“tau” pl 
+..750 03 
4+..759 )? 
s 9 10 11 12 13 + .585 004 
2 6 12 9% ll 13 
& 9 10 11 12 13 +-.579 006 
7 10% 12% 9 10% 12! 
+ .067 42 
200 41 


ted by means of the normal approximation. 


efficients were positive, a uniformity that 


suggests a real bias in this direction. 
Relative Abundance of Shrub Species 


During the 1955 re-tally of the study 
plots, an attempt was made to record all 
shrub species present on each  milacre 
quadrat which had grown, or which were 
capable of growing, to a height or density 
sufficient to compete with tree seedlings. 
No annuals present on the plots satisfied 
these restrictions, but small perennials such 
as Vaccinium, Diervilla, and Lonicera, 
which grow in persistent clumps, were in- 
cluded. White birch seedlings and trem- 
bling aspen sucker growth were also in- 
cluded if they were sufficiently advanced to 
merge with the general level of the shrub 
layer. 

During subsequent analysis, the number 
of quadrats on which each species of shrub 
had occurred was determined, and the vari- 
ous species were then arranged in rank 
from the most to the least abundant. When 
these data were plotted in bar-graph form, 
the relationship illustrated in Figure 2 be- 
came apparent. In the graphs for all 25 
study plots for which these data were avail- 
able, the relation between successively less 
abundant species was distinctly curvilinear. 

Data for two plots from each of the 
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three study areas are illustrated in Figure 2. 
‘The uppermost number on each of the 
ordinate scales is given as a fraction, the 
denominator of which indicates the total 
number of milacre quadrats on the entire 
plot. The numerators of these fractions 
are continuous in series with the remainder 
of the ordinate scales, which may be con- 
sidered as sharing the denominator given 
in the uppermost fraction. ‘The ordinate 
scale thereby provides an index of the rela- 
tive abundance of the various shrubs. The 
abscissa scale indicates the rank in order of 


abundance of each successive species. This 


LANIEL 





























RANK 


Figure 2. Curvilinear progression in relatwe 
abundance of shrub species arranged in the 
order of their frequency of occurrence. 
A.a.: Amelanchier alnifolia Nuftt.; A.r.: 
Alnus rugosa (Du Roi) Spreng.; A.s.: Acer 
spicatum Lam.; B.p.: Betula papyrifera 
Marsh.; C.c.: Corylus cornuta Marsh.; C.r.: 
Cornus rugosa Lam.; D.L.: Diervilla Loni- 
cera Mill.; L.c.: Lonicera canadensis Bartr.; 
P.p.: Prunus pensylvanica L.; P.t.: Populus 
tremuloides Michx.; Rb.: Ribes sp.; Rui: 
Rubus idaeus L.; Rs.: Rosa sp.; S.c.: Sambu- 





cus canadensis L.; S.d.: Sorbus (-=Pyrus) 
decora (Sarg.); Sx.: Salix sp.; V Vibur- 


num sp.; Ve.: Vaccinium sf. 
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rank is given alphabetically, and ties in rank 
are indicated by a repetition of the appro- 
priate letter. 

Also given in these graphs, for compari- 
son with the observed series, is the expo- 
nential series that may be fitted between 
the most and the least abundant species in 
the number of steps indicated by the num- 
ber of shrub species present on the plot. 
This series has been used to illustrate the 
curvilinear nature of the data, but it would 
be premature to infer from the very satis- 
factory agreement in several of the illus- 
trated instances that the relationship was 
exponential. The observation of a few spe- 
cies at a high level of abundance, and a 
relatively substantial number of species at 
a low level of abundance, suggests that the 
hyperbola may provide an equally satisfac- 
tory description of the relationship. The 
more important point brought out by the 
present data is that this relationship is clear- 
ly non-linear. The significance of this non- 
linearity as evidence of interspecific compe- 
tition is apparent if one considers that by 
plotting unrelated frequencies in order of 
rank, as, for example, a series of “frequen- 
cies’ drawn from a table of random num- 
bers, the scatter of points so obtained falls 
about a straight line, the slope of which is 
inversely proportional to the number of 
draws. 

It must be pointed out that these data 
were collected without any particular ana- 
lytical approach in mind, so that there was 
no opportunity to guard against specific 
errors which might bias the shape of these 
curves. At the same time, there is no pos- 
sible source of error in this work sufficiently 
great to have brought about the distinctly 
non-linear nature of these data throughout 
all 25 study plots. It is therefore concluded 
that the frequencies of occurrence of suc- 
cessively less abundant shrub competitors 
are related in some curvilinear manner. 


Competitive Abilities of Balsam Fir 
and Spruce Seedlings 


The quotations from Craighead (1924) 
and de Gryse (1944) given in the intro- 


— 


duction indicate that there has been some 
difference of opinion as to the relative com- 
petitive abilities of balsam fir and spruce 
seedlings. Ideally, we should bring to this 
problem a detailed knowledge of the flow- 
ering histories of overstory balsam fir and 
spruce trees in the stands under investiga- 
tion, along with experimental data on the 
germination of their respective seeds on 
various sorts of ground litter, the subse- 
quent survival of these seedlings during the 
first two or three years of growth, and data 
on the growth rate of established seed- 
lings both under suppression and following 
release by removal of the overstory. While 
techniques for measuring the flowering his- 
tories of balsam fir trees have been investi- 
gated in relation to other problems under 
study at this laboratory, these techniques 
are still too unwieldy for all but a few spe- 
cial studies of which they form an essential 
part. Similarly, direct experimentation with 
the germinative ability of balsam fir and 
spruce seeds lies outside the scope of this 
investigation, 

Fortunately, these deficiencies in our 
knowledge bear upon an aspect of the 
problem which may be separated from the 
main questions raised by Craighead and de 
Gryse. Questions of seed supply, germina- 
tive ability, and survival during the earlier 
years of growth, are clearly of consequence 
in relation to the relative numbers of es- 
tablished seedlings of the two species. Once 
given established seedlings, however, we 
are then concerned only with the relative 
growth rate of the two species under sup- 
pression and following release, and the 
data from the 1950 and 1955 seedling tal- 
lies are directly applicable to the problem. 
It seems advisable, at this point, to antici- 
pate a part of the results that will appear 
in the second paper in this series, and to 
state that in the areas studied, the over- 
whelming majority of balsam and spruce 
seedlings that are forming the new stands 
following budworm devastation were al- 
ready established before the budworm out- 
breaks. For this reason we may set to one 
side the question that de Gryse raised in 


connection with the relative rooting ability 
of the two species on the “extraordinary 
accumulation of debris on the surface’’ fol- 
lowing overstory mortality. 

Data from the two seedling tallies allow 
us to compare the distributions of seedlings 
by species and height class as these were 
found in 1950, when release through over- 
story mortality had not appreciably influ- 
enced these distributions, and again in 
1955, after the seedlings had_ benefitted 
from at least five years of rapid growth. 
In Figure 3 the distributions by height 
class are given for balsam fir and spruce 
seedlings on plot B-8 at Black Sturgeon 
Lake, and on plot C-4 at Cedar Lake. The 
upper pair of histograms represent the 1950) 
tally, and the lower pair the 1955 re-tally. 
Since balsam fir seedlings outnumbered 
spruce seedlings in all height classes in both 
tallies on these plots, comparison of the 
distributions has been facilitated by super- 
imposing the distributions of spruce seed- 
lings, in black, on the distributions of bal- 
sam fir seedlings. Beside each histogram 
the estimate of total seedlings per acre is 
given, and the average height of seedlings 
is entered at the appropriate point above 
the distributions. “Spruce” in this, as in 
other parts of this paper, refers to both black 
and white spruce. Black spruce constituted 
only ten percent of all spruce seedlings 
tallied on the plots, and did not provide 
satisfactory data for separate analysis. 

The data for plot C-4 illustrate the re- 
markable similarity found between distribu- 
tions of balsam fir and spruce seedlings, 
when substantial numbers of spruce were 
available for comparison with the univer- 
sally abundant balsam fir. It is apparent 
that the spruce distribution in 1950 was 
simply a replica on a smaller scale of the 
balsam fir distribution, and that both dis- 
tributions shifted together into the upper 
height classes during the following five 
years. The same pattern is evident, though 
less well marked in the data for plot B-8. 
Minor discrepancies in the heights of com- 
parable histogram bars illustrated in this in- 
stance are characteristic of these distribu- 
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tions for the many plots on which there 
occurred only a few hundred spruce seed- 
lings per acre. Even in the absence of more 
elaborate data from other studies, the 1955 
graphs for both plots would strongly sug- 
gest that there had been no recruitment of 
new seedlings in the lower height classes 
following overstory devastation. 

The overall similarity between distribu- 
tions of spruce and balsam fir in both tallies 
suggested that no serious bias would result 
if each distribution was represented by its 
mean so that the paired “t” test could be 
used to assess the minor differences between 
average heights of balsam fir and spruce 
seedlings. ‘This test indicated that these dif- 
ferences did not significantly favor spruce 
or balsam fir in either tally, and that there 
is, therefore, no evidence in these data of a 
consistent difference in the growth rates of 
these species under suppression or imme- 
diately following release. “The possibility 
remains that future re-tallies of these plots 
may disclose such differences during later 
stages in the development of the new forest 
stands. The important point that may be 
taken from the present study, however, is 
that any minute differences that may ex- 
ist, being at best too small to be reflected in 
the distributions by six-inch or one-foot 
height classes, are unlikely to be of any 
consequence in interspecific competition at 
the seedling level. That there should be no 
such gross differences seems in keeping 
with the picture of two such ecologically 
similar species found commonly in competi- 
tive association. 


Decrease in Seedling Numbers 
Between the 1950 and 1955 Tallies 


When the 1955 regeneration tallies were 
analyzed, it became apparent that there had 
been a decrease of from 20 to 65 percent 
in numbers of balsam fir and spruce seed- 
lings since the previous tally of these plots 
in 1950. Examination of the seedlings per 
acre figures in Table 4, particularly data 
for balsam fir seedlings on the Black Stur- 
geon Lake plots, will disclose that during 
the five-year interval between tallies there 
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was a decrease of five to six thousand seed- 
lings per acre on some plots. “To some ex- 
tent this decrease had been anticipated, and 
provision was made on the 1955. tally 
sheets to record certain relevant data. 
‘These data included the number of dead 
seedlings on the quadrats, the extent to 
which the quadrats were covered by wind- 
broken, budworm-killed trees, and the ex- 
tent to which shrub growth appeared to be 
choking out established seedlings. 

The tally of dead seedlings accounted 
for very little of the reduction in seedling 
numbers. Only 1.4 percent of the decrease 
in spruce seedlings and 0.9 percent of the 
decrease in balsam fir seedlings could be 
accounted for in this way. The attempt to 
correlate the decrease in seedling numbers 
with coverage of the quadrats by broken 
trees proved considerably more rewarding, 
however. Coverage by broken trees was 
estimated in fifths, i.e.: 0/5, 1/5, ...., 
5/5, corresponding to a series of 20 per- 
cent classes. These simple fractions seem 
to lend themselves to estimation in the field 
with less subjective error than percentages, 
and the similarity in the overall estimates of 
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Figure 3. Distributions of seedlings by 
height classes for representative plots from 
Black Sturgeon Lake and Cedar Lake. 
Spruce distributions superimposed in black 
on the distributions for balsam fir. 
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different workers tallying separate sections 
of the same plot was encouraging. For 
analysis, the estimate for each quadrat was 
converted to a decimal fraction, and the 
total for all quadrats averaged to give a 
single estimate of coverage by broken trees 
for the plot. 

The correlation between per cent cov- 
erage by wind-broken, budworm-killed 
trees, and the percent decrease in numbers 
of balsam fir seedlings between the two 
tallies, is illustrated in Figure 4. Spruce 
data were not used in this analysis, since 
the estimates of spruce seedlings per acre 
are based on small numbers and are conse- 
quently less reliable than the estimates for 
balsam fir. Some of the broken trees noted 
at the time of the 1955 tally were undoubt- 
edly on the ground in 1950, but the great 
majority may safely be assumed to have 
fallen between 1950 and 1955. Data 
from plots A-2 and A-3 were irrelevant 
to this study, and were edited; on these 
plots, many of the overstory balsam fir 
survived the budworm outbreak and _ pro- 
vided a seed source for the establishment of 
new seedlings during the period between 
tallies. Data available for this analysis 
were further reduced by the destruction of 
plot C-1 at Cedar Lake by road construc- 
tion. 

A correlation coefficient of +0.846 was 
found to express the strength of the relation 
between these variables; with the 21 de- 
grees of freedom available in this analysis 
the coefficient is significant beyond the 
0.001 level. From the square of the corre- 
lation coefficient it appears that approxi- 
mately 72 percent of the decrease in num- 
bers of balsam fir seedlings can be attrib- 
uted to coverage by fallen trees. 

Shrub growth on the quadrats was rated 
as none, trace, competing, retarding, or 
choking, in relation to its apparent effect 
on the growth and survival of balsam fir 
and spruce regeneration. Again the simi- 
larity of estimates by different workers was 
encouraging in view of the highly subjec- 
tive nature of the rating system. Ratings 
of competing or below were assigned to 


shrub growth that appeared too scant to 
influence survival of the seedlings. Ratings 
of retardmg or choking were assigned to 
shrub growth which nearly or completely 
pre-empted the quadrat. On many of the 
quadrats on which the shrub growth was 
rated as choking, a thorough check for the 
presence of dead seedlings under fallen 
trees and within the dense shrub growth 
could not have been conducted without de- 
stroying the conditions as they existed on 
the quadrat. 

The percent of quadrats to which the 
ratings retarding or chokmmg had been as- 
signed was calculated for each plot. Analy- 
sis of these estimates for correlation with 
the decrease in seedling numbers yielded a 
value of +0.403 for the conventional 
rx.y coefficient, and a value of +0.275 for 
Kendall’s “‘tau” coefficient. With the 21 
degrees of freedom available in these 
analyses, both coefficients attained a one- 
the two-tailed test fell just short of the 5 
percent significance level in each instance, 
there is adequate @ priori justification for 
interest in only the single-tailed test in this 
analysis. Squaring the rx.» coefficient indi- 
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Figure 4. Correlation and regression of the 
decrease in balsam fir seedling numbers 
against coverage of the ground by wind- 

broken, budworm-killed trees. 
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cates that approximately 16 percent of the 
decrease in seedling numbers can be at- 
tributed to shrub competition. 

Field experience during this study left 
the impression that coverage by broken 
trees and density of shrub growth were 
simultaneous expressions of a third factor, 
the extent to which the various stands had 
been opened by budworm devastation. 
Analysis for correlation between the esti- 
mates of shrub density and the estimates of 
coverage by broken trees yielded an rx.y 
coefficient of +0.502, significant at the | 
percent level. In an earlier section we have 
already confirmed Turner’s (1952) con- 
clusion that the opening up of these stands, 
as measured by the mortality of balsam fir, 
bears a strong correlation to the percentage 
of total basal area contributed by balsam 
fir. In short, we are faced with a web of 
interrelated causes and effects in which one 
cannot be certain that statistically related 
variables bear causal relations to each other. 
For this reason, it is probable that the 16 
percent of the decrease in seedling numbers 
attributed to shrub competition is not totally 
independent of the iz percent of this de- 
crease attributed to coverage by broken 
trees. However, we can say with confi- 
dence that, taking together the tally of 
dead seedlings and the correlations of shrub 
competition and coverage by broken trees 
with the decrease in seedling numbers, we 
can account for between 75 and 90) per- 
cent of the seedling mortality. We are 
left, therefore, at worst with only 25 per- 
cent of total mortality to attribute to un- 
measured factors and to observer error in 
the two tallies. 


Trends in Forest Succession 


The present study has been guided by the 
possibility that spruce budworm devastation 
may effect a preponderance of balsam fir 
over spruce in the succeeding stand, or, in 
a parallel situation, that this devastation 
may effect an increase in such preponder- 
ance of fir as may already exist. At present 
it is possible to make three relevant com- 
parisons within the data gathered during 
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this study: the 1950 regeneration tally may 
be compared to the original tree tally for 
evidence of disproportionate reproduction 
by the seed trees; the 1955 regeneration 
re-tally may be compared to the 1950 re- 
generation tally for evidence of possible dif- 
ferences in survival and in the establish- 
ment of new seedlings; and finally, the 
1955 re-tally may be compared to the tally 
of the original stands for evidence of a re- 
turn to, or a further departure from, the 
balsam fir-spruce ratios as these originally 
existed. 

A comparison of the 1950 regeneration 
tally with the original tree tally. Data on 
the basal areas of spruce and balsam fir in 
the original stands, while available for fu- 
ture use, will be of little value until the 
new stands approach a stage of develop- 
ment comparable to that at which the pre- 
vious stands were destroyed. At present 
the most meaningful data from the original 
stands are the data on stems per acre. ‘Their 
use tends to indicate a greater prepon- 
derance of balsam fir than would be sug- 
gested by basal area or volume data, since 
the diameters of spruce encountered on the 
study plots were at least equal to, and often 
substantially greater than those of the bal- 
sam fir. 

Data on stems per acre of balsam fir and 
spruce are given in columns two and three 
of Table 4. The quotient obtained by di- 
viding the number of fir stems by the num- 
ber of spruce stems is given in ratio to unity 
in column four. It is clear that fir stems 
greatly outnumbered spruce stems in the 
original stands, a situation that was reversed 
on only 2 of the 26 study plots, plots B-3 
and C-4, Estimates of seedlings per acre 
obtained from the 1950 regeneration tally 
are given in columns five, six, and seven. 
Again the balsam fir greatly outnumbered 
the spruce, approaching equality only on 
plot A-5. Taking as an example plot A-1, 
the ratio of 15 balsam fir stems to every 
spruce stem in the original stand increased 
to a ratio of 31:1 in the 1950 regeneration 
tally, so that the apparent trend is noted as 
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imereasing in column eight. Similar com- 
parisons will confirm that the remaining 
Laniel plots, A-2 to A-7, all show a de- 
crease on this basis, while all Black Stur- 
geon Lake plots, B-1 to B-12, show a 
moderate to substantial increase. Two of 
the Cedar Lake plots show a decrease, and 
the remaining four, a slight to moderate 


increase. 


In the lower left-hand corner of Table 4+ 
these trends have been analyzed for re- 
gional independence in a 2 x 3 contingency 
table. Expected values under the hypothesis 
of regional independence are bracketed 
beneath the observed frequencies. Without 
reference to the large chi-square, it is ap- 
parent that the trend in forest succession 
which one may measure by these methods 
is strongly dependent upon the particular 
area in which the observations are made. 
One cannot argue, for example, that the 
overall ratio of 18:8 between increasing 
and decreasing trends demonstrates that 
balsam fir reproduces itself disproportion- 
ately to spruce, for this ratio depends for 
its value directly upon the number of plots 
located in the three study areas, and might 
have been reversed if more plots had been 
established at Laniel, and less at Black 
Sturgeon Lake. It is therefore concluded 
that, given the right circumstances, both 
balsam fir and spruce are capable of dis- 
proportionate reproduction, and that our 
knowledge of the circumstances that may 
favor the one or the other is as yet too 
meagre to permit prediction of the pattern 
of forest succession following a given out- 
break of the spruce budworm. 


A comparison of the 1955 and 1950 re- 
generation tallies. Comparable data on 
seedlings per acre and the ratios of balsam 
fir to spruce seedlings for the 1955 tally 
are presented in columns nine, ten, and 
eleven of Table 4. Taking, for example, 
the ratio of 38:1 observed on plot A-1, and 
comparing this to the ratio of 31:1 observed 
in 1950, there was an apparent increase in 
the ratio of fir to spruce seedlings during 
the five-year interval between tallies. There 


was a similar increase on all seven of the 
Laniel plots during this period, while eight 
of the Black Sturgeon Lake plots showed 
a decrease. No measurable change took 
place during this interval on two of the 
Black Sturgeon Lake plots, B-2 and B-12, 
while on the remaining three plots, B-6, 
B-8 and B-10, there was a slight increase 
in the preponderance of balsam fir. All but 
one of the five plots still available for meas- 
urement at Cedar Lake in 1955 showed a 
decrease in the ratio of balsam fir to spruce. 

These trends are analyzed for regional 
independence in the lower right-hand cor- 
ner of Table 4+. Again a comparison of the 
expected and observed frequencies suffices 
to indicate that the trend in forest succes- 
sion measured by these methods is strongly 
dependent upon the region in which it is 
made. Most of the changes in ratio be- 
tween tallies are minor, and may be attrib- 
uted to the vagaries of “sampling” by 
falling trees, particularly when the seedlings 
tend to grow in clumps that may be spared 
or wiped out as a unit. It has been shown 
in an earlier section that over 70 percent 
of the decrease in balsam fir seedlings can 
be attributed to coverage by broken trees. 
With so small a remainder it is pointless to 
attempt to show a difference between 
spruce and balsam fir seedlings in their in- 
herent tenacity under competition. How- 
ever, several features of the data presented 
in this study suggest that the difference is 
either minute or non-existent. The over- 
all ratio of 11:12 between mecreasing and 
decreasing trends in this latter contingency 
analysis lends no support to the hypothesis 
that there is an inherent difference in sur- 
vival independent of the region in which 
it is observed. Moreover, one would ex- 
pect a real difference in survival rate to be 
reflected in consistently lower vigor and 
poorer height growth, whereas the inde- 
pendent analysis of an earlier section failed 
to disclose a significant difference in the 
height growth achieved by balsam fir and 
spruce seedlings either under suppression or 
following release. One must conclude, 
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TABLE 4, Apparent trends of balsam fir content in forest succession: plots A-I 
to 7, Laniel; B-1 to 12, Black Sturgeon; C-1 to 6, Cedar Lake. 











Trees/acre:1990 &.TIO Sdlgs./ecm:1950 RATIO TREND OF Fb Sdlgs./ucre: 1955 RATIO TREND OF Fb 

Plot Fb Sw&Sb  Fb:S Fb Sw& Sb Fb:S saigs.'b0 cf. Trecs Fb Sw & Sb Fo:S sdlgs.'55 cf. Sdlgs.'50 
A-1 1038 67 18:1 9680 320 Sl:1 INCREASING 7150 190 B:1 INCREASING 
A-2 1750 45 41:1 202) 70 2:1 DECREASING 3690 110 33:1 INCREAS ING 
Aes 968 16 4:1 2250 950 2:1 DECREASING 2630 620 4:1 INCREASING 
a-4 Sw ll 2:1 7” 120 6:1 DECREASING 320 25 13:1 INCREASING 
A-5 919 69 1s:1 480 370 1.3:1 DECKE..SING wO 3 12:1 INCREASING 
a6 510 8 64:1 1180 50 24:1 DECREASING 220 pone All Fb INCREAS ING 
A-7 782 bb w:1 4660 190 B:l DECREASING 2800 100 28:1 INCREASING 
B-1 3 8 oil 11440 #80 m:1 INCREASING 6650 $20 21:1 DECREASING 
B-2 268 84 3:1 970 350 27:1 INCREASING 5650 210 27:1 NO CHANGE 
B-3 226 257 0.9:1 10910 20 39:1 INCREASING 770 200 37:1 DECREASING 
B-4 377 47 8:1 11% 0 840 13:1 INCREASING 6160 Sa lk: DECREASING 
tna 456 18 Ail 15340 160 83:1 INCREASING 6210 110 56:1 DECREASING 
Ati 

as, 478 18 26:1 14970 120 120:1 INCREASING 8960 80 1l2:1 DECREASING 

-T 

ae S12 99 S:1 3380 0 67:1 INCREASING 2820 40 71:1 INCREASING 
B-7 377 235 2:1 10620 370 29:1 INCREASING 7200 280 26:1 DECREASING 
5-8 406 92 4:1 5670 490 sl INCREAS ING 3790 290 1s:1 INCREASING 
B-9 229 197 2:1 8740 52¢ 17:1 INCREASING 7520 550 14:1 DECREASING 
B-10 738 28 6:1 13770 200 69:1 INCREASING 7810 110 71:1 INCREAS ING 
B-ll 72a 20 3:1 9250 s 210:1 INCREASING 3680 25 147:1 DECREASING 
B-l2 807 ~< 19:1 S20 none All: Fb INCREASING Bo bone All Fb NO CHANGE 
C-1 685 41 17:1 3220 30U 9:1 LECab.SIbG -- PLOT DESTROYED BY HOnD LGQIoTHUCTION - - - 
C=2 279 47 6:1 235 110 21:1 INCREASING 2220 190 2:1 DECREASING 
C-3 293 ll 3:1 4590 500 9:1 INCREASING 2700 #20 7:1 DECKEASING 
C4 138 185 8:1 7710 2000 3:1 INCREAS ING 5260 1390 4:1 INCREASING 
Ce 385 ~28 2:1 2890 390 7:1 INCREASING 2300 42 5:1 DECKEASING 
C-6 92 13 40:1 6280 310 20:1 DECREASING 478 360 13:1 DECREASING 
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2x3 contingency test for regional independence of apparent 
trends of 1955 seedling tallies compared to 1950 seedling tallies. 


2x3 mntingency test for r@ional indepemdence of upperent 
trends of 1950 seedling tallies compred to original stands. 
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therefore, that the available evidence points data to suggest that these ratios are being 
to the ecological equivalence of established influenced by differential establishment of 
spruce and balsam fir seedlings. new seedlings following devastation. A 
There is some evidence in the present comparison of the seedlings per acre data 
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in 1950 and 1955 for plot A-2 will dis- 
close that during this interval there was an 
increase in the number of both balsam fir 
and spruce seedlings, while on plot A-3 
there was an increase in the number of 
balsam fir seedlings alone. Reference to the 
continued establishment of seedlings on 
these plots has already been made in an 
earlier section of this paper. On plot B-9 
at Black Sturgeon Lake, and on plots C-2, 
C-5 and C-6 at Cedar Lake, there was a 
slight increase in the number of spruce 
seedlings, while there was a decrease in 
balsam fir seedlings throughout the plots 
at Black Sturgeon and Cedar lakes. ‘These 
latter observations suggest that the patchy 
and generally lower mortality of spruce 
trees following budworm devastation may 
occasionally provide a continuing seed sup- 
ply for spruce regeneration after the balsam 
fir overstory has been eliminated. At Ce- 
dar Lake, where three of the five plots 
measured in 1955 show an increase in 
numbers of spruce seedlings, the greater 
proportion of black spruce in the overstory 
is clearly a relevant factor in the problem, 
since black spruce is relatively immune to 
budworm damage. It is concluded that, 
while no good evidence exists to support a 
hypothesis of a difference in survival of 
spruce and balsam fir seedlings, there is 
some evidence to suggest that a differential 
establishment of new seedlings may bring 
about minor changes in the ratio of spruce 
and balsam fir seedlings following a bud- 
worm outbreak. , 

A comparison of the 1955 regeneration re- 
tally with the original tree tally. This com- 
parison has not been set out explicitly in 
‘Table 4, since with a few minor changes in 
the Laniel data it is a repetition of the 
comparison of the 1950 seedling tally to 
the original stand. Changes in seedling 
abundance at Black Sturgeon and Cedar 
lakes during the five-year interval between 
tallies failed to alter any of the trends of 
the 1950 regeneration in relation to the 
original stand, although it is unfortunately 
impossible to confirm this observation for 


plot C-1 at Cedar Lake. At Laniel, the 
ratio of fir to spruce on plot A-3 has re- 
turned to exactly that observed in the origi- 
nal stand, so that this would be given the 
notation mo change. No spruce seedlings 
were tallied in 1955 on plot A-6, where an 
estimate of 5() spruce seedlings per acre was 
obtained in 1950, so that on this plot the 
trend measured by the 1950 tally appears 
to have been reversed. In this connection 
it must be appreciated that an estimate of 
5() seedlings per acre, based on a 10 per- 
cent sample, represents an actual tally of 
only five seedlings on a one acre plot, or, 
in this instance, a tally of eight seedlings 
on a 1.6 acre plot. During this same five- 
year interval, 154 of the 189 balsam fir 
seedlings originally encountered on_ this 
plot were also destroyed, so that the pos- 
sibility remains that this apparent reversal 
of the earlier trend may be a small-sample 
effect, and that spruce may still exist on the 
remaining 90 percent of the plot in much 
the same proportion as it did in 1950, 
These anomalies will be clarified by future 
re-examinations of the plots, which, it is 
hoped, may be conducted as 100 percent 
tallies of young trees of measurable diam- 
eter. 

Although changes in seedling abundance 
during the interval between tallies have 
made only these minor differences in the 
original trends, there is still some evidence 
of an overall pattern to the changes that 
have taken place. If the observed fre- 
quencies in the two contingency tables at 
the bottom of Table 4 are themselves com- 
pared, there is an evident tendency for the 
one to be a mirror image of the other: at 
Laniel, where six of the seven plots showed 
a decrease in balsam fir in 1950, all seven 
of the plots in 1955 show the opposite 
trend, so that the area as a whole is tend- 
ing to return to a level closer to that of the 
original stands. At Black Sturgeon and 
Cedar lakes the same applies in the opposite 
sense: where there was a tendency towards 
an increase in balsam fir in 1950 there is a 
general improvement in the proportion of 
spruce in 1955, granted that in no instance 
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has the trend measured in 1950 in rela- 
tion to the original stand been altered by 
these changes. In relation to the life cycles 
of a succession of forest stands, the tally of 
a seedling population in a particular year is 
equivalent to arresting a fluctuating proc- 
ess at a moment in time when it may be 
expected to depart by some considerable 
degree from its modal position. While the 
question is still one for speculation, the 
work of Blais (1954) has shown that the 
spruce budworm has long been active in 
the harvesting of mature stands of balsam 
fir even without human alteration of the 
forest composition, and there would seem 
to be no particular point more favorable 
than any other in the interval between the 
last glaciation and the present time that one 
might choose as the point of initiation of 
this process. ‘The same may certainly be 
said for periodic devastation by fire, which, 
in setting back forest succession to a more 
pioneer stage than does budworm devasta- 
tion, may possibly provide from time to 
time a more satisfactory seed bed for the 
establishment of spruce seedlings. But one 
should be critical from the first of any the- 
ory of the proportionate increase of one 
tree species over another, which, if it had 
been uniformly operative following every 
major forest disturbance, would surely 
have long since completely eliminated the 
less favored species. 


Conclusions 


The most important conclusion pointed up 
by the present study is that whatever the 
trends that may develop following bud- 
worm devastation, these trends appear to 
do so on a regional basis. There is, then, 
every reason to suppose that the various 
conflicting theories on the role of the spruce 
budworm in forest succession have each 
been based on sound observation, but ob- 
servation restricted in each instance to a 
limited forest region. Under the influence 
of a locally favorable site and climate it is 
evidently possible for either spruce or bal- 
sam fir to increase in proportion following 
budworm devastation, but there is no evi- 
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dence in the present study to support the 
contention that either possesses inherently 
greater competitive abilities under all cir- 
cumstances. The conclusions of this study 
suggest that the problem should be re- 
opened on a regional basis wherever fir, 
spruce, and the spruce budworm are promi- 
nent features of the forest complex. 
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Summary 


1. For many years there have been dif- 
ferences of opinion on the role of the 
spruce budworm in forest succession. 
Interest has centered in recent years 
on the theory that the proportion of 
fir in mixed balsam fir-spruce stands 
tended to increase following budworm 
outbreaks. An earlier theory sug- 
gested that the spruce budworm, 
which shows a marked preference for 
balsam fir as a host tree, might ac- 
tually tend to increase the proportion 
of spruce in succeeding stands. 


bo 


Data are presented on forest succes- 
sion and related problems from stud- 
ies conducted in budworm devastated 
stands in northwestern Quebec, and 
in northcentral and northwestern 
Ontario. 

3. Data gathered during these studies 
afforded the opportunity to confirm 
Turner’s (1952) conclusion that 
mortality of balsam fir following bud- 
worm devastation is correlated with 
the percentage of total basal area con- 
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tributed by the balsam fir component 
of the stand. 

Evidence was obtained of a curvilin- 
ear progression in the frequency of 
occurrence of successively less abun- 
dant shrub species which have come 
to dominate many of the devastated 
study areas, 

Balsam fir and spruce seedlings were 


ling tallies indicated no general trend 
towards an increase in either spruce 
or fir during this period. Changes 
that did occur were again regionally 
dependent, but on only one of the 26 
study plots was the change sufficiently 
great to reverse the trend already in- 
dicated by comparison of the 1950 
tally with the original stand. 


found to have similar frequency dis- 9. What evidence there is suggests that 
tributions by height classes, both im- established balsam fir and spruce 
mediately after budworm devastation seedlings are more remarkable for 
and after five years of released their ecological equivalence than for 
growth. ‘This observation indicates any differences in ability to survive 
that there is no appreciable difference under competition that can be detected 
between balsam fir and spruce in in the data presented. ‘There is some 
either their shade tolerance or their evidence to suggest that differential 
ability to profit from release. establishment of new seedlings, par- 
A decrease in balsam fir seedling ticularly spruce seedlings, may bring 
numbers of between 20 and 65 per- about minor changes in the spruce- 
cent was observed between the regen- balsam fir ratio after a budworm out- 
eration tallies conducted in 1950 and break. 

in 1955. Correlation analysis indi- 10. It is suggested that the apparent re- 


cated that approximately 72 percent 
of this decrease could be attributed to 
coverage by wind-broken, budworm- 
killed trees. A further 16 percent of 
the decrease appeared attributable to 
severe competition from shrub 
growth, although it is probable that 
this latter percentage is not totally in- 
dependent of that already attributed 
to coverage by broken trees. 

Trends in forest succession, as indi- 
cated by comparisons of the ratios of 
balsam fir to spruce in the original 
stands and in the seedling populations, 
proved to be strongly dependent 
upon the region in which the data 
were gathered. Data from _north- 
western Quebec indicated a general 
increase in the proportion of spruce, 
while data from north-central On- 
tario showed a consistent increase in 


gional dependence of trends in forest 
succession following devastation has 
been at least partly responsible for the 
widely divergent theories on the role 
of the spruce budworm in forest suc- 
cession. The present study indicates 
that the problem is not one which 
lends itself to a generalized answer 
independent of the particular forest 
region under consideration. 
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